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GENERAL INTRODUCTION 
An Explanation of Dissertation Format 
This dissertation includes two manuscripts. These are 
preceded by a general introduction. The first manuscript 
reports the creation of an RFLP map and its use to obtain 
estimates of chromosomal locations of loci determining host-
plant response to Exserohilum turcicum in maize; in particular 
to make comparisons with the locations, where known, of loci 
defined by alleles with qualitative effects. The second 
manuscript reports on the genetic effects of quantitative 
trait loci (QTL) and discusses the resolution of host-plant 
response into separate components. The manuscripts are 
followed by a general summary. References cited in the general 
introduction and general summary are listed in the literature 
cited section. The appendix includes additional materials 
pertinent to the main text. 
Molecular-Marker-Facilitated Investigations of Host-Plant 
Response to Plant Pathogens 
Restriction fragment length polymorphisms (RFLPs) 
represent base pair differences in homologous segments of DNA 
from genetically distinct individuals. Typically these 
differences are observed once the DNA has been cleaved by 
restriction enzymes and hybridized to a radiolabeled DNA probe 
using the Southern hybridization technique (Watkins, 1988; 
Helentjaris, 1987). Restriction enzymes only cleave DNA at 
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very specific sites, consequently any base pair changes in 
that site, or encompassing that site, could also affect the 
length of fragment produced after the DNA has been digested 
(Helentjaris, 1987). Restriction sites may be destroyed or new 
ones created by base pair changes. Translocations, inversions, 
and duplications may leave a site intact but alter its 
relative position (Helentjaris, 1987). RFLPs are stably 
inherited in simple mendelian ratios, co-dominant, and have 
full penetrance (Apuya et al., 1988). RFLPs are usually 
neutral in their effect on the phenotype of an individual and 
large numbers of loci can be evaluated (Helentjaris, 1987; 
Melchinger, 1990). Once an RFLP has been identified by a DNA 
probe and mapped to a chromosome, the inheritance of the RFLP 
can be used to monitor the inheritance of specific chromosome 
regions (Watkins, 1988). 
RFLP technology is of great potential value to plant 
breeding. Most of the important characteristics of crop 
species are inherited quantitatively (Hallauer and Miranda, 
1988) and exhibit continuous variation within populations. 
Using RFLP linkage maps it has been shown that it may be 
possible to resolve quantitative traits into discrete 
mendelian factors (Paterson et al., 1988). Now that a linkage 
map based upon RFLPs has been produced for maize (Helentjaris, 
1987), the prospect of using RFLPs to study the genetics of 
quantitatively inherited traits in maize has increased 
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substantially. 
One appropriate methodology for using RFLP markers to map 
a quantitatively inherited trait involves crossing two inbred 
strains that differ substantially for the particular trait to 
produce a hybrid . It is important that DNA polymorphisms 
can be detected between the parental inbreds. Segregating 
populations are produced by either a backcross of the to 
the parents or by selfing the F, to produce the F^. RFLP 
analysis is then carried out on the backcross or Fg and this 
is correlated with trait analysis (Lander and Botstein, 1989). 
Once a RFLP has been identified by a DNA probe and mapped to a 
chromosome, it can be used to track the inheritance of 
specific chromosome regions. DNA probes homologous to low copy 
DNA sequences are selected to represent all ten maize 
chromosomes. Genomic DNA is isolated from the F^ plants or 
derived families and cleaved with restriction enzymes. Each 
set of restriction fragments is then separated by gel 
electrophoresis. After denaturation, the DNA is transferred to 
a sheet of nylon membrane. The membrane sheet is then 
incubated with the radioactive DNA probes to allow binding to 
homologous sites. Excess probe is removed after binding has 
occurred and autoradiography is used to identify the 
restriction fragments of highest homology to the probe. Each 
of the progeny are then scored at each RFLP locus according to 
their banding pattern in the x-ray film respective to the 
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parental banding patterns. For loci where scores are 
discernable, three possible classes exist, AA (homozygous for 
the A parent), BB (homozygous for the B parent) or AB, the 
heterozygote. These classes are generally designated A, B, and 
H respectively. These data are used to construct the genetic 
linkage map. Phenotypic trait data are then used with the 
linkage information to map chromosomal regions which affect 
the traits. 
The use of RFLPs to study host-plant response to plant 
pathogens is a relatively new application. There are only a 
few published studies where molecular markers have actually 
been used to map resistance genes (Melchinger, 199 0). These 
studies include downy mildew resistance in lettuce (Landry et 
al., 1987), bean yellow mosaic virus resistance in peas 
(Weeden et al., 1984), pea enation mosaic virus resistance in 
peas (Weeden and Prowidenti, 1988) , tobacco mosaic virus 
resistance in tomato (Young et al., 1988) and blast resistance 
in rice (Yu et al., 1991). RFLPs have also been used to 
identify genes for disease resistance in maize. Host-plant 
response to maize dwarf mosaic virus was investigated using 
three point linkage analysis. The results suggest tight 
linkage between an RFLP marker and a gene conditioning host-
plant response on chromosome 6 (McMullen and Louie, 1989). 
Tight linkages between RFLPs and the Htl and Ht2 genes have 
been demonstrated (Bentolila et al., 1991, Zaitlin et al., MNL 
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66:69—70, 1992). Bubeck et al. (1992) used RFLPs to study 
host-plant response to gray leaf spot in three populations; 
QTL identified were not consistent over environments or 
populations. RFLPs are not the only method available to map 
disease resistance genes: aneuploids, substitution lines or 
translocation stocks may also be used, depending on the plant 
species. However, RFLPs can provide more precise estimates of 
chromosomal regions important in determining host-plant 
response, and in addition, provide information on the genetic 
effects of the QTL. Recessive gene action, which will elude 
translocation mapping, may be identified with RFLP based 
mapping. In addition RFLP mapping enables much more complete 
coverage of the genome than translocation mapping. 
There are many components of resistance, for example, 
lesion size, lesion number, infection efficiency, incubation 
period, latent period, lesion expansion rate, and sporulation 
capacity, that can be considered when assessing host-plant 
response to Exserohilum turcicum (Brewster et al., 1992). The 
relationships between the different components and their 
relative importance in disease assessments will vary, however, 
with crop and pathogen. Precise measurements on a large number 
of components is generally not feasible for replicated field 
evaluations. Some mapping studies involve a combination of 
methodologies targeting specific loci, but there are few where 
field testing of segregating populations is involved. 
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Greenhouse and seedling tests may be used; however, these may 
not be an adequate prediction of adult plant response, 
particularly in the case of the pathogen of interest in this 
study (Brewster et al., 1992). 
The choice of a disease assessment method is of primary 
concern. The use of a qualitative score, for example R 
(resistant) or S (susceptible), to rate populations 
segregating for quantitatively inherited resistance, appears 
imprudent. Visual estimates, for example, of disease severity, 
are an alternative but these may be subject to over or under 
estimation, even when experienced scorers are used (Sherwood 
et al., 1983). Scaler rating systems (eg. 1-9) may also be 
inappropriate. Is a linear scale more appropriate than a 
logarithmic scale? Inadvertently, the precision may be 
diminished and researchers may be imposing assumptions about 
the inheritance of the resistance they are trying to map. A 
non-subjective rating system based on either precise 
measurements or remote sensing, for example percent 
reflectance, is generally superior. These assessment methods, 
however, have an inherent cost either in time or capital 
outlay which accounts for, in part, reliance on quicker and 
less objective methods. 
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Statistical Analysis 
Experimental design 
The population used in this study was created by crossing 
two inbred maize lines, B52 (female) and Mol7 (male). The F, 
hybrid was self-pollinated and 169 random Fg plants were 
retained. These were self-pollinated to generate the 150 
unselected F^.^ lines used in the field experiments. A sets 
within replications design was used with 27 entries nested 
within each of 6 sets. Two replications (12 sets) were grown 
at Ames, Iowa and two replications at Urbana, Illinois in the 
summer of 1991. Check inbreds (both parents) were included in 
each set. 
The sets within replications design was analyzed using 
the model presented by Schutz and Cockerham (1962): 
^ijk = ^^ + S. + r, + g.. + s,; + (gr).j^ ; 
where the effects S are for sets, r for replications, g for 
entries in sets, s for environmental differences of sets in 
replications, and gr for replication x entry in set 
interactions. The subscript i varies from one to s, j varies 
from one to g and k varies from one to r. Expected mean 
squares are presented in Table 1. 
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Table 1. Analysis of variance for plot means of g entries 
nested within s sets in r replications in one 
location assuming all effects to be random 
Source Degrees of 
Freedom 
Mean 
Squares 
Expected 
Squares 
Mean 
Replications (r-1) ol + gal + sga^ 
Sets (s-1) al + ra§ + gog + gros 
Reps*Sets (r-1)(s-1) ol + gal 
Entries(sets) s(g-l) MSg al + xal 
Error s(r-l)(g-1) MS, ol 
Total . (srg)-l 
Variance components where calculated as follows: 
Error variance, al = MS„ ; 
^ . . 2 (MSg - MSJ Genotypic variance, Og = 2__ s_ ; and 
(MS.) 
Phenotypic variance, Oph = 
Standard errors (SE) of variance components were calculated as 
follows: 
SE of al = N  
SE of al 
2 (MSg) 2 
2 (MSg) 2 2 (MSg) 2 
dfg + 2 dfg + 2 
; and 
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SE of Oph 
2 (MSg) 2 
dfg+2 
^ r2 
where 
dfg = degrees of freedom for error ; and 
dfg = degrees of freedom for entries . 
Broad sense heritability (h^) was calculated on a progeny 
means basis as follows: 
Exact 9 0% confidence intervals for heritabilities were 
calculated according to the formulae given by Knapp et al. 
(1985) . 
Lower confidence limit, (LCD = l - [F(Fj^)]"^ ; and 
Upper confidence limit, (UCL) = 1 - [F (F^) ] ; 
where 
0^.05, dfg, df, '• 
2^ ~ ^ 0.95. dfg, df, • 
Phenotypic (r^) and genotypic (r^) correlations were calculated 
according to Mode and Robinson (1959): 
a, 
r p 
where 
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Tp = the phenotypic correlation between traits X and Y ; 
~ phenotypic covariance between X and Y ; 
= the phenotypic variance of trait X ; and 
a^py = the phenotypic variance of trait Y . 
r = . 
^ r-r-j- ' 
y^gx^gy 
where 
rg = the genotypic correlation between traits X and Y ; 
CTg^y = the genotypic covariance between X and Y ; 
= the genotypic variance of trait X ; and 
= the genotypic variance of trait Y • 
RFLP analysis 
There are two principal ways in which RFLP data from 
quantitative trait loci (QTL) have been analyzed; both were 
used in this study. The first approach utilizes single factor 
analysis of variance (SFAOV, Edwards et al., 1987). For each 
locus with two alleles three genotypic classes are expected. 
From parental alleles A and B, respectively the classes are 
AA, BB or the heterozygote AB. F-tests are then conducted for 
each probe and each trait of interest. Significant F-values 
may indicate linkage of the marker and trait of interest. 
Essentially this represents linear regression of phenotype on 
genotype by means of a simple ANOVA. This approach is not 
without problems. If the QTL does not lie at the marker locus 
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its phenotypic effect may be underestimated due to 
recombination between the QTL and the marker. This technique 
can also generate false positives; this becomes more likely as 
the number of markers and traits being examined increases 
(Lander and Botstein, 1989). 
The second approach, namely interval mapping, was 
suggested in part to overcome the limitations of the single-
factor ANOVA method (Lander and Botstein, 1989), Interval 
mapping involves calculation of maximum likelihood and LOD 
scores (defined later). Interval mapping allows estimates to 
be made at points throughout the genome. When the QTL falls 
exactly at a marker locus interval mapping reduces to linear 
regression (Paterson et al., 1988). The computer program 
MAPMAKER-QTL (Lander and Botstein, 1989; Paterson et al., 
1988) has been developed to construct linkage maps and 
facilitate interval mapping. To include a locus in a linkage 
group a maximum LOD score of at least 3.0 and a recombination 
fraction of at most 0.3 0 was used in this study. Genetic 
effects were estimated using the unconstrained model as 
presented by Lincoln and Lander (1990); 
Y. = mAA + (Ag X Num,.) + (Dg x H-) + e ; 
where 
Y- = the measured phenotype of the i^*^ individual 
(i = 1,2, ... 150) ; 
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/iAA = the average trait value for individuals homozygous 
AA ; 
Ag = the additive component of the B allele effect ; 
Num. = number of B alleles carried by the i^"^ individual 
(0, 1, or 2) ; 
Dg = the dominance component of the B allele effect ; 
H- = 1 if the i^^ individual is heterozygous, else 
0 ; and 
e = variation in the trait not controlled by the QTL . 
For the three possible genotypes at any QTL (AA, AB or BB), 
trait values, averaging over individuals, can be represented 
as fiAA nhB and fiBB respectively. These can be calculated using 
the models as presented by Lincoln and Lander (1990) : 
/iAA = n ; 
/iAB = /l: + Ag + Dg ; 
MBB = /i + 2 (Ag) ; 
where 
ju = residual value in absence of B alleles ; 
Ag = additive component of the QTL B allele effect ; 
and 
Dg = dominance component of the QTL B allele effect. 
If a transformation had been used to normalize the Fj.j line 
means then fiAA, juAB and /xBB were then transformed back to 
their original scale only for comparative purposes. 
The degree of dominance ratio (d/a), which describes the 
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predominant type of gene action, can be calculated as the 
estimated dominance effect divided by estimated additive 
effect. If transformations were used to normalize the data 
then the d/a ratio was reported on the effects as calculated 
by MAPMAKER/QTL without restoration to the original scale. 
Dominance deviations as reported in this study refer to the 
Fj.j lines and represent one-half of that exhibited in 
plants. 
Trait values used in this study were from the Fg.j lines 
using data from both replications respectively (Ames, 1991). 
Plot means from the 15 0 Fj.j lines were tested for their fit to 
the normal distribution using the W statistic (Shapiro and 
Wilk, 1965) prior to performing QTL mapping; a normal 
distribution of phenotypes is an inherent assumption for 
interval mapping. If the distribution of the Fj.j line means 
deviated significantly from a normal distribution then square 
root, arc sin and log^^ transformations were attempted. If, 
after transformation, the distribution of F^.^ line means was 
not significant at the 0.05 probability level then QTL mapping 
was attempted otherwise, the data were not considered 
appropriate. 
A key component of interval mapping is the LOD score. 
This is the log^^ of the odds ratio; where the odds ratio is 
the chance that the data would arise from a QTL within the 
boundary of two RFLP loci divided by the chance that it would 
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arise given no linked loci (Lander and Botstein, 1989). The 
LOD threshold (T) for the declaration of a QTL can be 
calculated according to the formulae given by Lander and 
Botstein (1989) : 
T = l/2(log^oe) (Zp/„)2 ; 
where 
P = the chosen level of significance , 
M = number of interval markers tested in the genome ; 
and 
Z = standardized normal variate. 
With 94 intervals in this study, a LOD score of 2.83 was 
calculated as the LOD significance threshold (P < 0.01) and 
2.31 as the LOD significance threshold for (P < 0.05). A LOD 
score of 2.05 corresponds to (P < 0.10), and consequently the 
highest chance of reporting false positives or Type 1 errors 
(Lander and Botstein, 1989). MAPMAKER/QTL can only account for 
one QTL per interval, however, in some instances it is 
difficult to discern if one or several QTL are implicated when 
several neighboring intervals are spanned. In this study, for 
probe intervals in which the LOD threshold was exceeded, 
neighboring peaks not separated by a log-likelihood drop of 
1.0 were considered local maxima of the same peak and not as 
additional QTL. In addition, using each QTL already 
identified, the genome was re-scanned searching for QTL, other 
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than those already recorded, which provided a better 
explanation of the data-
16 
PAPER 1. QUANTITATIVE AND QUALITATIVE TRAIT 
LOCI AFFECTING HOST-PLANT RESPONSE 
TO EXSEROHILUM TURCICUM IN MAIZE (ZEA 
MAYS L.) 
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Quantitative and Qualitative Trait Loci Affecting Host-plant 
Response to Exserohilum turcicum in Maize (Zea mays L.) 
P. J. Freymark*, M. Lee*, W. L. Woodman*, and C. A. Martinson^. 
*Department of Agronomy, Iowa State University, Ames, lA 50010 
^Department of Plant Pathology, Iowa State University, Ames, 
lA 50010 
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ABSTRACT 
RFLPs at 103 loci were used to identify the location of 
quantitative sources of resistance to Exserohilum turcicum in 
150 Fj.j lines of a B52/Mol7 maize population. Host-plant 
response was measured in terms of average number of lesions 
per leaf, average percent leaf tissue diseased (severity) and 
average size of lesions. The location of QTL were compared 
with loci having known qualitative effects, namely Htl, Ht2 
and bxl. Chromosomal regions containing the Htl and Ht2 loci 
showed a small contribution in determining lesion size, even 
though alleles'with dominant, qualitative effects at these 
loci have never been reported in either inbred parent. Similar 
effects were not observed for number of lesions or disease 
severity. Likewise some contribution was observed for 
chromosomal regions encompassing the bxl locus in determining 
lesion size but not number of lesions or disease severity. 
Overall the contribution of loci in the vicinity of Htl, Ht2 
and bxl was small relative to variation attributable to loci 
with quantitative effects identified in this study. RFLP 
mapping concurred with reciprocal translocation mapping on the 
importance of chromosomes 3, 5 and 7, despite the fact that 
these studies utilized diverse sources of resistant germplasm. 
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INTRODUCTION 
Quantitative and Qualitative Trait Loci Affecting Disease 
Resistance in Plants 
The terms horizontal and vertical resistance were 
introduced by Van der Plank in the 1960's (1, 2). His 
terminology generated much controversy; the concepts 
qualitative and quantitative were already widely used and 
considered adequate (3). The term, horizontal resistance, soon 
became considered synonymous with polygenic, minor gene or 
quantitative resistance despite the fact that horizontal 
resistance, as defined by Van der Plank, could have monogenic 
or qualitative inheritance patterns (1, 4). Perhaps the most 
onerous of Van der Plank's points was the concept of 
horizontal resistance being nonspecific, that is, evenly 
spread against all races of the pathogen (5). To demonstrate 
nonspecificity would require testing the host resistance with 
all races of the pathogen. New pathogen races may not have 
been isolated or others may evolve in time, consequently 
nonspecific resistance can never be conclusively proven and 
can only really be defined as resistance where specificity has 
not yet been demonstrated. 
One of the first studies to respond to Van der Plank's 
concepts involved investigation of differences in 
pathogenicity and virulence among isolates of Exserohilum 
turcicum to maize (6). None of the four inbreds tested was 
uniformly resistant to all isolates. Whereas it may have been 
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shown that the resistance involved for the set of inbreds and 
isolates used in the study was not horizontal, so little was 
known about the genetics of pathogenicity of the isolates used 
that it is questionable to say this research invalidated the 
horizontal resistance concept. The authors concluded that host 
genes for vertical resistance and horizontal resistance are 
the same; however, those genes conferring horizontal 
resistance may not function by themselves vertically. In 
subsequent studies with wheat isogenic lines and cultures of 
Erysiphe graminis it was argued that a single resistance gene 
could cause characteristics more commonly associated with 
several genes, namely a reduction in the apparent infection 
rate 'r' (7, 8). In particular a reduction in numbers of 
lesions as well as slower mildew development were noted. Their 
argument, however, relied on the use of near isogenic lines 
and associated quadratic checks. The effects they observed may 
not have been due only to single genes but instead several 
closely linked genes. Further, whereas the effect of 
horizontal resistance on 'r' was used as a characteristic, it 
was not the cornerstone of Van der Plank's entire hypothesis. 
New terminology and concepts continued to evolve and an 
attempt was made to redefine Van der Plank's terms (9). Some 
authors contended that horizontal resistance and vertical 
resistance, as originally defined, could not co-exist in a 
single variety (9). This contrasted Van der Plank's ideas, who 
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felt that vertical resistance probably never occurs 
independently of horizontal resistance (2). In a series of 
papers Nelson argued that resistance genes, once having been 
overcome or defeated by a pathogen strain, may retain some 
residual effect (10-12). Clifford (13) summarized similar 
suggestions from other workers, namely quantitative resistance 
may be an accumulation of residual effects of defeated genes 
with qualitative effects. Further studies on the reaction of 
isogenic lines of wheat to Erysiphe graiainis were seen as 
opposing Van der Plank's concepts in that a reduction in 'r' 
was demonstrated by residual effects of defeated major genes 
(14). However a reduction in 'r' can be brought about by minor 
genes irrespective if horizontal or vertical resistance is 
involved (15). Nelson proposed that defeated genes retained 
some value and suggested pyramiding these into a cultivar to 
capitalize on the residual effects (10-12). He also 
highlighted that host background may alter a gene's 
expression, consequently these differences may be incorrectly 
attributed to different genes (12). In essence. Nelson 
proposed that the issue of numbers of genes conditioning 
disease resistance was not a definitive issue of black and 
white, but rather a continuum of shades of gray (16). 
The debate on the genetic relationship of quantitative 
and qualitative effects of genes has not been confined to 
disease resistance. Recently Robertson (17) has suggested that 
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genes with quantitative effects should be allelic to genes 
with qualitative effects. The information gained about the 
location of quantitative trait loci (QTL) can be compared with 
that reported for qualitative loci. Such an approach has 
already been demonstrated for plant height in maize (18), and 
for traits of significance to the domestication of maize (19). 
We are proposing an analogous approach studying host-plant 
response to Exserohilum turcicum. 
Northern Corn Leaf Blight 
Exserohilum turcicum Pass.(Syn. Helminthosporium turcicum 
Pass.) is the causal agent of Northern corn leaf blight 
(NCLB). NCLB occurs sporadically in most temperate, humid 
areas of the world where maize is grown and heavy infestations 
on susceptible germplasm have been known to result in grain 
yield losses of 30 to 68% (20-24). Whereas open-pollinated 
varieties of maize had been grown prior to the 1940's, hybrid 
maize was becoming of increasing importance when NCLB reached 
epidemic proportions in 1942. This prompted more research 
aimed at utilizing differences in levels of resistance among 
inbred lines and indicated the need for testing lines for 
susceptibility prior to recommending their use in hybrids 
(25) . 
Resistance to the pathogen has been available for some 
time. The earliest sources to be found exhibited quantitative 
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inheritance patterns, controlling the number of lesions 
(25-27, 21). There are conflicting reports about the effect of 
quantitative resistance on the size of lesions (28, 21). The 
second type of resistance discovered in maize had qualitative 
inheritance patterns. Genes with qualitative effects have been 
placed to several loci namely Htl, Ht2, Ht3 and HtN (29-31). 
Htl, Ht2, and Ht3 are characterized by chlorotic lesions or 
yellow chlorotic margins, reduced fungal sporulation, and 
subsequently, less inoculum for secondary infections (29, 32, 
21). Htl, the first qualitative locus to be mapped, was placed 
to the central region of the long arm of chromosome 2 
(Patterson et ai., MNL 39:86-87, 1965). More recently RFLPs 
have been used to gain more precise information on the 
location of Htl (33, 34) and Ht2 (Zaitlin et ai., MNL 66:69-
70, 1992). HtN is an exception in that it is not characterized 
by chlorotic lesions but rather by a delay in disease 
development until after flowering (31). The locations of Ht3 
and HtN remain unknown. 
The Bx gene has been implicated in conditioning 
resistance in seedlings to NCLB through the production of 
cyclic hydroxamates. Plants of the bx/bx genotype are 
deficient in regard to hydroxamate production (35). The 
deficient genotype results in an increase in NCLB lesion 
number and lesion size (35). Recently the probe MPIK5, 
representing a putative clone of the bxl locus (M. Frey, 
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personal communication), has been placed to the short arm of 
chromosome 4 (B. Burr, personal communication). 
The objectives of this study were to use RFLP markers to 
obtain more precise estimates of the chromosomal location of 
QTLs conferring resistance to Exserohilum turcicum in maize; 
in particular to make comparisons with the locations, where 
known, of loci with qualitative effects on host-plant 
response. 
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MATERIALS AND METHODS 
Parental Inbreds and Experimental Design 
The population studied was created by crossing two inbred 
maize lines, Mol7 and B52. Mol7 has been an important 
commercial inbred and shows partial resistance to NCLB. B52 
has not been widely used commercially and is very susceptible 
to NCLB. Alleles at Htl, Ht2, Ht3 and HtN with qualitative 
effects have never been reported in either inbred. In our 
tests chlorotic lesions were not observed. Both inbreds have 
the normal or Bx/Bx genotype. The hybrid was self-
pollinated and 169 random plants were retained. These were 
self-pollinated to generate the 150 unselected Fj.j lines used 
in the field evaluation. A sets within replications design was 
used with 27 entries nested within each of 6 sets. Two 
replications (12 sets) were grown at Ames, Iowa and two 
replications at Urbana, Illinois in the summer of 1991. Check 
inbreds (both parents) were included in each set. Border rows 
consisted of bulked F^ seed from the same population. Row 
length was 5.5m with 0.76m spacing between rows. Plots were 
thinned to 20 plants per row, approximately 48,000 plants ha'\ 
Standard management practices regarding fertilization and 
cultivation were followed. At the Ames location agronomic data 
including plant height, maturity and grain yield were 
recorded. Broad sense heritabilities were calculated on a 
progeny mean basis (36). Phenotypic correlations were 
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calculated using Pearson product-moments (37). 
Disease Inoculation and Data Collection 
At Urbana, Illinois, plants, check inbreds, and border 
plants were inoculated with ground leaf tissue harvested from 
diseased leaves the previous season. Disease development was 
negligible and the experiment was abandoned at this location. 
At Ames, Iowa, plants, check inbreds, and border plants 
were inoculated in the whorl with approximately 10ml per plant 
of spore suspension of race 0 on the 24th June and 9th July, 
1991 (45 and 60 days after planting respectively). Spore 
suspension concentrations were 2600 per ml and 2300 per ml 
respectively. For spore production isolate HE62 of Exserohilum 
turcicum race 0 was cultured on agar under fluorescent 
lighting for 12 hours daily. Inoculum was applied in the 
evening when temperatures were cooler and dew formation 
likely. Disease development was rated twice commencing on the 
7th August, and 4th September, 1991 (89 and 117 days after 
planting respectively). Data were collected from the 12 
innermost plants per row on 4 leaves per plant for a total of 
48 leaves per entry per replication. The leaves measured on 
each plant included the leaf attached to the primary ear node, 
and those attached to the next three internodes below. For 
each leaf the number, length and width of all lesions was 
recorded. Area of lesions, in cmf, was calculated using the 
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formulae: (length x width x 0.7854) (38). Percent leaf tissue 
diseased (severity) was calculated for each leaf by dividing 
the total area of lesions by the area of the ear leaf and 
multiplying by 100. The area of the ear leaf was determined 
using the formulae: (length x width x 0.75) (39). Lesion data 
were then calculated on a per plant basis by averaging over 
the four leaves, and finally, entry means for each replication 
were calculated by averaging over the 12 plants sampled. In 
each of the two ratings therefore an objective appraisal of 
disease development was made on 15,552 leaves. The large 
number of leaves to be rated and the use of multiple 
inoculations, precluded other factors like infection 
efficiency, incubation period or latent period from being 
considered. The first assessment took one day per replication, 
the second assessment took four days per replication to 
complete. Trait values in the second replication of the second 
assessment tended to be a bit higher than those of the first 
replication. Fj.j trait means for QTL mapping were produced by 
averaging over both replications as this represents the most 
precise estimate. For QTL mapping, three main aspects of 
disease development were considered on an entry mean basis, 
average number of lesions per leaf (number), average percent 
leaf tissue diseased (severity), and average size of lesions 
in cm^ (size). Collectively these will be referred to as traits. 
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RFLP Assays and Data Analysis 
From each of the 150 Fj.j lines 10 plants were grown in 
the greenhouse. An equal quantity of leaf tissue was taken 
from each plant and bulked to determine the genotype of the Fg 
plant from which those lines were derived. Genomic DNA was 
digested separately with EcoRl, EcoRV and Hindlll, 
electrophoresed, and blotted according to Lee et ai. (40). One 
hundred and two probes that showed polymorphisms between the 
parental inbreds were chosen from the collections of mapped 
maize genomic and cDNA clones of Brookhaven National 
Laboratories (BNL) (41), University of Missouri-Columbia (UMC) 
(42), Native Plants Inc. (NPI) (43), Iowa State University 
(ISU) and Pioneer Hi-Bred International (PIG). Some probes 
that are clones of genes with known functions were also 
included: Agp2, ADP glucose pyrophosphorylase (C. Hannah, 
University of Florida); CI, colored aleurone and Pll, purple 
plant (K. Cone, University of Missouri) and dek326 (renamed 
ren2), reduced endosperm (James et al., MNL 65:10, 1991). 
Probes were selected such that they represented all ten maize 
chromosomes and ensured as uniform coverage of the entire 
genome as possible. 
Linkage maps and interval mapping 
The computer program MAPMAKER/QTL (44) was used to 
construct the genetic linkage map and for quantitative trait 
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mapping (45). To include a locus in a linkage group a maximum 
LOD score of at least 3.0 and a recombination fraction of at 
most 0.30 was used. With 94 intervals in this study, a LOD 
score of 2.83 was calculated as the LOD significance threshold 
(P < 0.01) and 2.31 as the LOD significance threshold for (P < 
0.05). A LOD score of 2.05 corresponds to (P < 0.10), and 
consequently the highest chance of reporting false positives 
(44) . The data were analyzed as an Fg intercross. Scanning the 
entire genome for putative QTL was accomplished using the free 
genetics or unconstrained model. The Fj.j means for all disease 
data tended to be skewed, especially that for the first rating 
(89 days after planting). This is not entirely unexpected. 
Disease severity, for example, seldom exceeded 2 5% by virtue 
of when the rating was taken. If disease development were 
allowed to proceed too much beyond this point individual 
lesions would no longer be easily discernable. Consequently 
most of the disease severity scores lie in the range of from 0 
- 25%, rather than from 0 - 100% However a normal 
distribution of phenotypes is an inherent assumption for 
interval mapping, consequently square root, arc sin and log,g 
transformations were attempted for all disease data from both 
the first and second ratings. The first assessment data was 
not normally distributed even with transformation consequently 
these data were not used for QTL mapping. Data from the second 
assessment (117 days after planting) responded more favorably 
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to transformation, in particular when using log^g values. With 
this transformation lesion number, percent severity and size 
of lesions in cm^ achieved normality (W = 0.97, 0.97 and 0.99 
respectively, all non-significant at the 0.05 probability 
level) as described by the W statistic (46). Consequently log^g 
transformations of the F2.3 line means were used for QTL 
mapping. 
QTL maps were initially calculated where only one QTL at 
a time was allowed to explain the variation in the trait. Once 
these were identified, a multiple QTL model was employed. This 
was achieved by considering all QTL for a trait simultaneously 
in a single model using the sequence and map commands within 
MAPMAKER. In addition, using each QTL already identified, the 
genome was re-scanned searching for QTL, other than those 
already recorded, which provided a better explanation of the 
data. This method altered the peak values of QTL already 
reported but did not appear to identify any additional QTL. 
Log-likelihood plots were constructed for the entire 
length of chromosomes 2, 4 and 8 by calculating LOD scores at 
2.0 cM intervals and then plotting these against map distance 
for each chromosome. 
In addition, single factor analysis of variance (SFAOV) 
(47) was employed to detect any significant variation in trait 
expression associated with the three genotypic classes at each 
locus on chromosomes 2, 4 and 8. 
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RESULTS 
Segregation of Markers and Map Size 
Of the 103 probes used in this study, l deviated (P < 
0-001), 3 deviated (P < 0.01) and 22 deviated (P < 0.05) from 
the 1:2:1 ratio expected in the Fg. This is not unusual and 
has been observed in other maize RFLP mapping studies (48); 
consequently probes that deviated from the expected ratio were 
not excluded. The 103 probes were used to construct a map of 
1454.3 cM with an average interval length of 15.6 cM. 
Disease Data and QTL Affecting Host-plant Response to 
Exserohilum turcicum 
Border plots that were not inoculated were virtually free 
of NCLB indicating that there was very little natural inoculum 
and the disease development that did occur was a direct 
consequence of the artificial inoculation. Based on the inbred 
checks, trait values for the 12 sets were not significantly 
different (P < 0.05) indicating that the inoculum procedures 
and subsequent disease development were relatively uniform 
across the experiment. On average, B52 had twice as many 
lesions and over four times as much leaf tissue diseased than 
Mol7. In addition, lesions on B52 were over twice the size of 
those on Mol7 (Table 2). Heritability estimates were 69.2% for 
number of lesions, 62.2% for disease severity and 30.9% for 
size of lesions (Table 1). 
For declaration of QTL a LOD threshold of 2.31, 
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representing a potential false positive rate of 5%, was chosen 
as an appropriate level of significance for reporting results 
in this study (Table 1). Three unlinked regions (IS, 3L and 
5S) were found to have significant effects on lesion number, 
explaining from 6.8% to 13.2% of the phenotypic variation for 
this trait. Severity was associated with analogous regions 
and, in addition, QTL on 7L and 8L; individual loci explained 
from 7.5% to 13.4% of the phenotypic variation. Two unlinked 
regions (5L and 7L) were found to have significant effects on 
lesion size, accounting for 18.1% and 12.3% of the phenotypic 
variation respectively (Table 1). For each trait the log-
likelihood of the multiple QTL model was substantially higher 
than the individual QTL model. Multiple QTL LOD scores 
effectively equaled the arithmetic summation of the individual 
QTL map LOD scores (Table 1). Considering each trait 
individually, this suggests that while QTL may explain 
autonomous portions of the variation, their action is 
cumulative (45). 
Chromosomes 2, 4 and 8 are of particular interest since 
they contain the Htl, bxl and Ht2 loci, respectively. 
Consequently QTL log-likelihood plots are shown for the entire 
length of each of these chromosomes. Chromosome 2 is depicted 
in Figure 1. The Htl locus is flanked by several probes on the 
long arm of chromosome 2. The extent of the contribution of 
this interval to size of lesions varies from explaining 
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between 3.2% to 6.5% of the phenotypic variation. The range in 
the contribution depends on which of the different maps are 
integrated to determine the position of the Htl locus. The 
lowest estimate is obtained if the data of Bentolila et ai. 
(34) (A in Figure 1) is superimposed on the map for chromosome 
2 obtained in this study (C in Figure 1). Superimposing the 
data from Hoisington and Coe (33) (B in Figure 1) produces the 
higher estimate. The contribution of these intervals to number 
of lesions and percent severity ranges from 0.4% to 0.7% and 
from 0% to 0.4% respectively. SFAOV indicated that probes 
UMC98 and UMC88 were significantly associated with lesion size 
(P < 0.05, Figure 1). Additional significant associations were 
not detected with SFAOV on chromosome 2. 
Chromosome 4 is depicted in Figure 2. Probe MPIK5, 
representing a putative clone of the bxl locus (M. Frey, 
personal communication), has been placed to the short arm of 
chromosome 4 (B. Burr, personal communication), suggesting 
that UMC123 is 5cM distal to bxl. This information was 
superimposed on the map for chromosome 4 obtained in this 
study (B in Figure 2) for comparative purposes. The 
chromosomal region containing the bxl locus appears to 
contribute 5.0% of the phenotypic variation for lesion size. 
The contribution towards lesion number and severity is 0.2% 
and 0.4% respectively. From Figure 2 it is apparent that much 
of the short arm of chromosome 4 plays a small role in 
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determining lesion size. SFAOV indicated some significant 
associations at the 0.05 probability level but the probe loci 
are not in close proximity to the bxl locus (Figure 2). 
Chromosome 8 is depicted in Figure 3. The data of Zaitlin 
et ai. (MNL 66:69-70, 1992) (A in Figure 3) suggests that Ht2 
is 9.4cM distal to UMC89. This information was superimposed on 
the map for chromosome 8 obtained in this study (B in Figure 
3). The chromosomal region containing the Ht2 locus appears to 
contribute 3.0% of the phenotypic variation for lesion size. 
The contribution towards number of lesions and severity is 
2.3% and 3.7%, respectively. SFAOV indicates several probes 
with significant associations at both the 0.05 and 0.01 
probability levels (Figure 3). 
Phenotypic Correlations Between Attributes of Disease 
Development 
Number of lesions per leaf showed a very strong positive 
correlation with disease severity (0.95, significant at 0.05 
and 0.01 levels). Average size of lesions was not correlated 
with severity (-0.09, not significant at 0.05 or 0.01). The 
correlation between size of lesions and number of lesions was 
-0.23 (significant at 0.05 and 0.01). 
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DISCUSSION 
"We dissect nature along lines laid down by our 
native language..." B. Whorf, 1964. 
QTL and Physical Mapping 
Most of the information currently available on the 
location of quantitative resistance to NCLB in maize was 
obtained in a comprehensive series of studies with reciprocal 
translocations, generally using Mo21A as a source of 
resistance (48, 49). More recently, a translocation study 
using Mol7 as a source of resistance, indicated that 
chromosomes 3, 4S and 6L were of importance in reducing 
disease severity (50). However their translocation stocks were 
not complete; several chromosomes arms were not represented 
(2L, 7S, 8S, lOL and lOS) else only represented by a single 
breakpoint (IS, 2S, 4S, 5S, 5L, 6S and 6L). In the later case, 
any factors important in determining host-plant response lying 
more than 50cM away from the breakpoint would not be detected. 
In contrast the map used in this study and the translocation 
stocks used in the early studies are much more complete with 
few, if any, obvious omissions. The RFLP mapping results 
obtained in this study concur with the early translocation 
mapping experiments (48, 49) on the importance of chromosomes 
3, 5 and 7, despite the fact that these studies have utilized 
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diverse germplasm and arguably even different fungal isolates 
given the 3 0 year time span. Prior to 1974 only one 
physiologic race of Exserohilum turcicum was known to exist 
(28). The only exceptions regarding chromosomal regions are 
that whereas Jenkins et al. (48) and Jenkins and Robert (49) 
indicate 5L is important for disease severity (based on visual 
appraisals), this study indicates 5S is important in 
determining severity; 5L appears associated with lesion size. 
Further, Jenkins et ai. (48) and Jenkins and Robert (49) 
indicate 7S is important in determining disease severity, 
whereas this study implicates 7L for disease severity and 
lesion size. In the later case, the log-likelihood peaks 
appear close to the centromere, based on the probe positions 
relative to other published maps (33). Since centromere probes 
were not included in the current study the designation of 
short or long arm are approximate only, particularly in the 
case of chromosome 7. This is often also true for the 
translocation studies and could be a reason for the 
discrepancy. 
Qualitative Alleles at Quantitative Loci? 
Dominant alleles with qualitative effects have never been 
reported in either inbred parent used in this study. Chlorotic 
lesions were not observed in the lines or parental 
inbreds, further suggesting the absence of this type of 
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qualitative resistance. The normal or Bx genotype has been 
implicated in imparting resistance to NCLB however this is 
most likely to be expressed in seedlings (35). In contrast the 
disease appraisals in this study where conducted on adult 
plants. However loci in the vicinity of bxl appear to have 
some contribution in determining lesion size in this study. 
The location of the genes with qualitative effects are 
approximate and their putative effects modest, however it 
seems unlikely that the small log-likelihood peaks, 
particularly in regard to lesion size on chromosomes 2 and 8, 
arise purely by chance. Why should there even be any 
contribution at all? Clifford (13), summarizing the thoughts 
of some researchers, said that polygenes are archaic major 
genes who have lost their large effect. This presupposes that 
major genes or genes with qualitative effects evolved first. 
Yet quantitative sources of resistance to NCLB were the first 
to be found (28). The results of this study suggest loci in 
the vicinity of the Htl and Ht2 loci continue to have a small 
effect even in the absence of the marked qualitative effects 
of the Htl or Ht2 genes. Is this one end of a spectrum of 
isoalleles as Robertson (17) suggested? Are the marked 
qualitative effects of the Htl and Ht2 gene the opposite end 
of this spectrum? Genes with qualitative effects like Htl and 
Ht2 may be, as Robertson's hypothesis (17) suggests, mutants 
or alternate alleles at quantitative loci. The small 
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contributions of genes with quantitative effects, such as 
those observed in the vicinity of the Htl or Ht2 loci, may be 
masked by environmental factors and inappropriate use of 
highly subjective and imprecise assessment methods. In 
contrast, an obvious strength of this study is the large 
number of precise objective measurements on lesion number and 
size. Further the extent of these effects may differ according 
to pathogen race and host background. 
Our current knowledge of chromosomal regions contributing 
to E. turcicum resistance is largely limited to alleles 
fortuitously identified with qualitative effects. Obviously 
regions other than Htl, Ht2 and bxl are of importance. The 
regions identified in this study may include Ht3 or HtN since 
these have not been mapped, however the number of QTL 
identified in this study exceeds the number of loci with known 
qualitative effects. Perhaps such QTL mapping initiatives 
provide insights into genomic regions that merit further 
study. 
The usefulness of graphical presentation of the data is 
also obvious when one compares the possible erroneous 
conclusion that may be arrived at by solely comparing tables 
listing QTL exceeding threshold values. Table 1 indicates 
while only 3 QTL affect number of lesions, 5 affect disease 
severity. However a graphical presentation of log-likelihood 
plots for all chromosomes (data not shown) reveals almost 
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identical patterns for both traits and confirms their high 
phenotypic correlation (0.95). Non-significance in statistical 
terms may not denote insignificance in biological terms. There 
are several alternative 'levels of significance' and by solely 
relying on tables with truncation thresholds we may diminish 
the power of molecular-marker-facilitated mapping techniques. 
This concept along with that of components of resistance, gene 
action, and correlations with other agronomic traits will be 
discussed elsewhere. 
Figure 1. Linkage maps and log-likelihood plot of chromosome 2. (A) Position of Htl 
(34). (B) Position of Htl (33). (c) Linkage map and LOD scores from current 
study. Dotted lines indicate estimated position of Htl locus obtained by 
superimposing data from (A) on (C) using BNL6.20 for alignment, and (B) on 
(C) using UMC98 and UMC88 for alignment. Distances between probes are shown 
in cM. Vertical lines in the log-likelihood plots represent LOD scores of 
0, 2 and 4. SFAOV results: *, ** and *** indicate significance at 0.05, 
0.01 and 0.001 levels respectively 
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Figure 2. Linkage maps and log-likelihood plot of chromosome 4. (A) Putative position 
of bxl (B. Burr, personal communication and M. Frey, personal 
communication). (B) Linkage map and LOD scores from current study. Dotted 
lines indicate estimated position of bxl locus obtained by superimposing 
data from (A) on (B) using UM123 for alignment. Distances between probes 
are shown in Cm. Vertical lines in the log-likelihood plots represent LOD 
scores of 0, 2 and 4. SFAOV results: *, ** and *** indicate significance at 
0.05, 0.01 and 0.001 levels respectively 
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Figure 3. Linkage maps and log-likelihood plot of chromosome 8. (A) Position of Ht2 
(Zaitlin et al., MNL 66:69-70, 1992). (B) Linkage map and LOD scores from 
current study. Dotted lines indicate estimated position of Ht2 locus 
obtained by superimposing data from (A) on (B) using UMC89 for alignment. 
Distances between probes are shown in cM. Vertical lines in the log-
likelihood plots represent LOD scores of 0, 2 and 4. SFAOV results: *, ** 
and *** indicate significance at 0.05, 0.01 and 0.001 levels respectively 
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Table 1. Location of QTL affecting host-plant response to 
Exserohilum turcicum in Fj.j lines of a B52/Mol7 
population 
Average number of lesions per leaf (number) 
Interval Chromosome Variation 
explained 
LOD* 
UMC157 - UMC67 
UMC16 - NPI457 
BNL6.25 - UMC90 
IS 
3L 
5S 
6.8% 
13.2% 
11.8% 
2.31 
4.60 
3.85 
Multiple QTL model 29.5% 11.10 
Heritability on a progeny mean basis = 69.2% 
Average percent leaf tissue 1 diseased (severity) 
Interval Chromosome Variation 
explained 
LOD* 
UMC157 - UMC67 
UMC16 - NPI457 
UMC90 - UMC166 
BNL15.21 - UMCllO 
BNL9.08 - BNL7.08A 
IS 
3L 
5S 
7L 
8L 
8.0% 
9.4% 
13.4% 
13.2% 
7.5% 
2.71 
3.22 
4.14 
3.84 
2.32 
Multiple QTL model 44.6% 17.30 
Heritability on a progeny mean basis = 62.2% 
Average size of lesions in cm^ (size) 
Interval Chromosome Variation 
explained 
LOD* 
BNL5.71 - UMC51 
UMC116 - BNL15.21 
5L 
7L 
18.1% 
12.3% 
4.32 
3.70 
Multiple QTL model 28.9% 7.98 
Heritability on a progeny mean basis = 3 0.9% 
*LOD threshold 2.31. 
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Table 2. Trait means and associated standard errors for 
lines and inbred checks 
Entry n* Number Severity Size (cm^) 
Mol7 6 1.08® + 0.07 0.99* + 0.03 4. 07* ± 0.26 
B52 6 2.09* + 0.21 4.38^ + 0.54 10. 83'' ± 0.74 
F, , lines 
range 
150 1.65= 
(0 -
+ 
10 
0.10 
.58) 
2.33* 
(0 -
+ 
17 
0.15 
.52) 
8. 
(1-
34'= 
91 
± 0.25 
- 31.02) 
^Number of observations per replication. Entry means with 
common superscripts for each trait are not significantly 
different (P < 0.05). 
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SUMMARY 
RFLPs were used to investigate components of host-plant 
response to Exserohilum turcicum in 150 unselected Fj.j lines 
of a B52/M017 maize population. Following inoculation with 
spore suspensions of the pathogen (race 0), plots were rated 
objectively and then quantitative trait mapping was performed 
to identify location and effects of QTL determining host-plant 
response. Components of interest were average number of 
lesions per leaf, average percent leaf tissue diseased 
(severity) and average size of lesions (cm^) . Based on a LOD 
threshold of 2.31 (P < 0.05), number of lesions appears to be 
associated with QTL on chromosomes IS, 3L, 5S. Severity was 
associated with analogous regions and, in addition, QTL on 
chromosomes 7L and 8L. Most QTL, for either of these two 
components, involve additive gene action or partial dominance. 
In contrast, lesion size was associated with QTL on 
chromosomes 7L and 5L; recessive gene action may be involved 
at 7L. Host-plant response, for each component, was not 
determined by extent of heterozygosity in the F^.^ lines. 
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INTRODUCTION 
Helminthosporium diseases are widespread throughout the 
world with the different species of causal fungi assigned to 
anamorphic genera of Bipolaris, Drechslera, or Exserohilum. 
They cause leaf blights, spots or rots on many important crops 
(Agrios, 1988). In maize, Northern Corn Leaf Blight (NCLB) is 
incited by Exserohilum turcicum Pass. (Syn. Helminthosporium 
turcicum Pass.) and is a significant limitation to yield in 
humid and temperate regions. Disease development is favored by 
moderate temperatures (18-2 7°C) and heavy dews or high 
humidity during the growing season. Hot dry weather retards 
disease development (Perkins and Pedersen, 1987; Lim et al., 
1974; Shurtleff, 1986; Pataky et al., 1986). The extent of 
grain yield losses, which can be severe, appears primarily 
dependent on the amount of initial inoculum and the extent of 
secondary infection, as well as the timing of infection. Young 
maize plants with high levels of inoculum, particularly before 
flowering, will show the highest yield losses. If infection is 
delayed until several weeks after flowering, yield losses will 
be minimal. Plants infected with NCLB will also be predisposed 
to stalk and root rot infections (Perkins and Pedersen, 1987; 
Dodd, 1980). 
Control of NCLB is achieved largely by use of resistant 
germplasm (Ullstrup, 1977). Several qualitative sources of 
resistance are known, namely Htl, Ht2, Ht3 and HtN - referring 
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to their locus designations (Hooker, 1963; Hooker, 1975; 
Hooker, 1977; Gevers, 1975). Htl, Ht2 and Ht3, result in small 
chlorotic lesions and the amount of necrotic tissue, fungal 
sporulation and inoculum for secondary infections are all 
reduced (Hooker and Kim, 1973; Ullstrup, 1977). The HtN gene 
results in a delay in lesion development until after flowering 
(Gevers, 1975). The Htl gene was widely utilized in commercial 
maize hybrids. Estimates suggest 90% of the hybrids grown in 
the northern two thirds of the U.S. maize belt during the mid 
1970's carried the Htl gene (Simone, 1978). 
Current breeding programs rely predominately on 
resistance which exhibits a quantitative inheritance pattern. 
This type of resistance is effective against all races of 
Exserohilum turcicum presently known, in contrast to loci with 
known qualitative effects (Smith and White, 1988) . With 
quantitative loci, resistance seems to be manifested primarily 
by a reduction in lesion number and a broad range of levels of 
resistance has been observed (Hooker and Kim, 1973). There are 
conflicting reports about the effect of quantitatively 
inherited resistance on lesion size; some reports indicate 
that lesion size is reduced (Hilu and Hooker, 1964; Smith and 
White, 1988) while other reports suggest that there is no 
reduction in lesion size (Ullstrup, 1977). There are many 
other components of resistance; for example, infection 
efficiency, incubation period, latent period, lesion expansion 
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rate, and sporulation capacity that can also be considered 
when assessing host-plant response to Exserohilum turcicum 
(Brewster et al., 1992). Precise measurements on a large 
number of components, however, is generally not feasible for 
replicated field evaluations. The relationships between the 
different components and their relative importance in disease 
assessments will also vary with crop and pathogen. In wheat, a 
resistance index incorporating information on incubation 
period and sporulation was identified as good predictor of 
host-plant response to Septoria nodorum. Information on lesion 
size and latent period were of little value (Griffiths and 
Jones, 1987). 
Initial attempts to map quantitatively inherited 
resistance to NCLB in maize involved a series of reciprocal 
translocations on backcrossed lines. Resistance, based on 
visual estimates of disease severity, appears associated with 
as many as 12 chromosome arms. Regions on the long arm of 
chromosomes 3 and 5 and the short arm of chromosome 7 appear 
to play a particularly important part in conditioning 
resistance in several lines (Jenkins et al., 1957; Jenkins and 
Robert, 1961). Generation means analysis indicated much of 
this resistance was highly heritable, involving between three 
to six genes with predominately additive gene action (Hughes 
and Hooker, 1971). A more recent study indicated that 
chromosome 3, the short arm of chromosome 4 and the long arm 
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of chromosome 6 were of importance in reducing disease 
severity; the latter two regions were also associated with a 
reduction in lesion number and incubation period (Brewster et 
al., 1992). 
The objectives of this study were to use RFLP markers to 
obtain more precise estimates of the chromosomal location and 
genetic effects of QTLs conferring resistance to Exserohilum 
turcicum in maize; in particular to dissect host-plant 
response into separate components by using non-subjective 
disease assessments. The components chosen were number of 
lesions, size of lesions and their composite, percent leaf 
tissue diseased (severity). 
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MATERIALS AND METHODS 
Population development., and disease and agronomic data 
analysis 
Two inbred maize lines, Mol7 and B52, were used as 
parental material for the population and as check inbreds (per 
se). Mol7 shows partial resistance to NCLB, while B52 is very 
susceptible. From a single self-pollinated F., plant, 169 
random plants were self-pollinated to create the 150 
unselected F^.^ lines used in field trials. Border rows 
consisted of bulked Fj seed from the same population. Row 
length was 5.5m with 0.76m spacing between rows. Plots were 
thinned to 2 0 plants per row, approximately 48,000 plants ha"^. 
Standard management practices regarding fertilization and 
cultivation were followed. Two replications of a sets within 
replications design were used. Twenty seven entries, including 
both parents, were nested within each of 6 sets (12 sets 
total). Experiments were grown at Ames, Iowa and at Urbana, 
Illinois in the summer of 1991. The Illinois location was 
subsequently abandoned due to inadequate disease development. 
Disease inoculation (race 0) and disease assessments at Ames, 
Iowa have been previously described (Freymark et al., 1992). 
For spore production isolate HE62 of Exserohilum turcicum race 
0 was cultured on agar under fluorescent lighting for 12 hours 
daily. Plants were inoculated in the whorl with spore 
suspension of race 0 twice (24th June and 9th July, 1991; 45 
and 60 days after planting respectively). Disease development 
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was rated twice commencing on the 7th August, and 4th 
September, 1991 (89 and 117 days after planting respectively). 
Data were collected from the 12 innermost plants per row on 4 
leaves per plant for a total of 48 leaves per entry per 
replication. The Fj.j lines were rated objectively for host-
plant response focusing on average number of lesions per leaf 
(number), average percent leaf tissue diseased (severity), and 
average size of lesions in cm^ (size). The first assessment 
took one day per replication, the second assessment took four 
days per replication to complete. Trait values in the second 
replication of the second assessment tended to be a bit higher 
than those of the first replication. Fj.j trait means for QTL 
mapping were produced by averaging over both replications as 
this represents the most precise estimate. 
In addition, at the Ames location, the following 
agronomic data were recorded, grain weight (Gwt, weight in 
grams per plot of shelled grain dried to uniform moisture), 
plant height (Pltht, average height in cm from the soil level 
to the tip of the central tassel spike for 5 randomly chosen 
plants per plot), growing degree days to pollen shed (P_GDD, 
based on daily maximum, < 30°C, and minimum, > 10°C, 
temperatures; calculated as accumulated heat units from time 
of planting to time when 50% of the plot is in pollen shed), 
growing degree days to silk emergence (S_GDD, based on daily 
maximum, < 30°C, and minimum, > 10°C, temperatures; calculated 
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as accumulated heat units from time of planting to time when 
50% of the plot has emerging silks), and number of ears per 
plot (Ears). 
Phenotypic (r^) and genotypic (r^) correlations were 
calculated according to Mode and Robinson (1959). Heritability 
estimates, on a progeny means basis, and variance components 
were calculated according to the formulae given by Hallauer 
and Miranda (1988). Exact 90% confidence intervals for 
heritabilities were calculated according to the formulae given 
by Knapp et al. (1985). 
RFLP data analysis 
RFLP assays and quantitative trait mapping for this 
population have been previously described (Freymark et al., 
1992). Data from the first assessment (day 89) was not 
normally distributed even with square root, arc sin or log,Q 
transformations; consequently these data were not used. Data 
from the second assessment (day 117) responded favorably to 
transformation, in particular using log,Q. Using this 
transformation normality was achieved for lesion number, 
percent severity and lesion size in cm^ (W = 0.97, 0.97 and 
0.99 respectively, all non-significant at 0.05 probability 
level) as described by the W statistic (Shapiro and Wilk, 
1965). Consequently the log^^ transformed means of second 
assessment data were considered appropriate for QTL mapping. 
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The linkage map was constructed using the computer program 
MAPMAKER/QTL (Lander and Botstein, 1989). A lod score of 2.31 
was calculated as the LOD significance threshold (P < 0.05) 
based on the number of intervals (Freymark et al., 1992). 
Disease data (unadjusted means) from the Fj.j lines were used 
when scanning the genome for putative QTL (Lincoln and Lander, 
1990) . Once individual QTL were identified, a multiple QTL 
model was employed. This was achieved by considering all QTL 
for a trait simultaneously in a single model. 
Single factor analysis of variance (SFAOV) (Edwards et 
al., 1987) was- also employed to detect any significant 
variation among probe-locus genotypic class means at the 0.05, 
0.01 and 0.001 probability levels. 
Each individual line has one of three possible 
genotypes at any QTL, namely AA (homozygous for Mol7), AB 
(heterozygous) or BB (homozygous for B52). Trait values for 
each QTL, averaging over Fj.j lines, can be represented as juAA 
fiAB and fj.BB respectively. These describe putative gene effects 
at each QTL and were calculated using the models as presented 
by Lincoln and Lander (1990): 
MAA = n 
/iAB = M + Ag + Dg 
t iBB = fi  + 2 (Ag) 
Where: /i = residual value in absence of B alleles 
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Ag = the additive component of the QTL B allele 
effect 
Dg = the dominance component of the QTL B allele 
effect 
Since a transformation had been used to normalize the line 
means, /xAA, ijlAB and juBB were transformed back to their 
original scale for comparative purposes. 
The degree of dominance ratio (d/a), which describes the 
predominant type of gene action, can be calculated as the 
estimated dominance effect divided by estimated additive 
effect. The d/a ratio was reported on the effects as 
calculated by MAPMAKER/QTL without restoration to the original 
scale. The d/a ratio describes the type of gene action for 
each QTL and the guidelines presented by Stuber et al. (1987) 
were adopted 
where: Additive gene action (Add) = 0 to 0.20 
Partial dominance (PDom) = 0.21 to 0.80 
Dominance (Dom) = 0.81 to 1.20 
Overdominance (ODom) = > 1.20 
The contributing parent was determined by the sign of the 
additive component of the QTL B allele effect. This was then 
confirmed by comparing the average trait values. Dominance 
deviations as reported in this study refer to the lines 
and represent one-half of that exhibited in Fg plants. 
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Genomic composition 
Genomic composition of individual Fj.j lines at each 
scoreable loci fall into one of three possible classes namely 
homozygous for Mol7 (AA), homozygous for B52 (BB) and the 
heterozygote B52/Mol7 (AB). Frequency distributions for 
individual lines were calculated by summing the number of loci 
representing each class and dividing this by the total number 
of scoreable loci. In contrast to the method reported by 
Paterson et al. (1988), interval length was not taken into 
account; consequently the results reported in this study may 
be more biased. Neither method accounts for double 
recombinations within an interval. 
Leaf penetration by pathogen and earlv establishment 
A preliminary study was conducted to see if there were 
observable differences in the early stages of pathogenesis of 
Exserohilum turcicum race 0 on leaves of inbreds Mol7 and B52. 
Fifty plants of each inbred were grown in the greenhouse, 5 
plants per pot. Nineteen days after planting, leaf samples 5-
10 cm in length were taken from the 2nd uppermost leaf; a 
total of 30 samples were collected for each inbred. Samples 
were washed in cold water, dried and then placed in a moist 
crisper for inoculation with spores of race 0. The upper 
surface of the leaf was rubbed with the flat surface of a 
scalpel in order to break leaf hairs. The midrib of each 
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sample was marked three times at approximately 1.5 cm 
intervals with a permanent marker. Inoculum (10 /il, 25 - 30 
spores) was applied on either side of the upper surface of the 
leaf blade at a point equidistant from the margin and the 
midrib. Samples were kept moist and removed at 6, 12 and 24 
hours and examined for surface penetration phenomena using 
0.1% acid fuchsin in lactophenol as a stain, and histological 
examination following leaf clearing (Mohan Ram and Nayyar, 
1978) . 
66 
RESULTS 
Genome composition 
Frequency distributions are shown in Figure 1- Genomic 
composition ranged from 3,5 to 47.8% (mean 22.9%) homozygous 
for Mol7 (AA); from 0.0 to 51.4% (mean 22.8%) homozygous for 
B52 (BE) and from 25.7 to 88.9% (mean 54.3%) for the 
heterozygote B52/Mol7 (AB). Standard deviations were 9.3%, 
10.0% and 11.6% respectively. These values are within the 
frequencies expected for lines. 
Variance components 
Genotypic variances of F^.^ lines were significant for all 
attributes of disease development (Table 1). Broad sense 
heritabilities, in percent, were 69.6% for number of lesions, 
62.8% for severity and 31.9% for size of lesions (Table 1). 
These estimates, however, are biased upwards as no estimates 
of genotype by environment interactions were obtained. 
Disease development 
Trait values, based upon each inbred check within all 12 
sets, were not significantly different (P < 0.05) indicating 
that the inoculum procedures and subsequent disease 
development were relatively uniform across the experiment. 
Border plots that were not inoculated were virtually free of 
NCLB indicating that there was little natural inoculum. On 
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average, B52 had twice as many lesions per leaf as Mol7 (2.09 
and 1.08 respectively) and over four times as much leaf tissue 
diseased (4.38% and 0.99% respectively). In addition, average 
lesion size on B52 was over twice that of those on Mol7 (10.83 
cm^ and 4.07 cm^ respectively). 
Quantitative trait mapping 
The 103 markers used when performing quantitative trait 
mapping, plus 9 others included subsequently, were used to 
produce the linkage map shown in Figure 2. Twenty six probes, 
involving 7 linkage groups, deviated (P < 0.05) from the 1:2:1 
ratio expected in the F^. This is not unusual and has been 
observed in other maize RFLP mapping studies (Doebley et al., 
1990); consequently probes that deviated from the expected 
ratio were not excluded. The distorted ratios and their 
frequencies were as follows: excess of heterozygotes (21 
probes), excess B alleles (4 probes), and excess A alleles (1 
probe). 
The location and effects of QTL affecting host-plant 
response are summarized in Table 2. Overall five linkage 
groups are associated with host-plant response, however the 
number varies with each component analyzed. With the exception 
of QTL on the short arm of chromosome 1, resistance is always 
contributed by Mol7 (Table 2). Three QTL, on chromosomes IS, 
3L and 5S are important in determining lesion number 
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explaining from 6.8% to 13.2% of the phenotypic variation for 
this trait. Severity is associated with corresponding regions 
and, in addition, chromosomes 7L and 8L. Phenotypic variation 
explained ranges from 7.5% to 13.4% These two traits involve 
primarily additive gene action or partial dominance. In 
contrast chromosomes 5L and 7L are important in determining 
lesion size. Recessive gene action appears important on 7L, 
based on the d/a ratio, gene effects (Table 2) and the sign of 
the additive component of the QTL B allele effect (not shown). 
The log-likelihood plots for chromosomes with QTL are shown 
graphically in Figure 3. Number of lesions and percent leaf 
tissue diseased in this population appear to be controlled by 
analogous regions of the genome and consequently these two 
traits have comparable log-likelihood plots (chromosomes IS, 
3L, 5S, 7L and 8L). This is not surprising considering the 
high phenotypic (r^ = 0.95) and genotypic (r^ = 0.98) 
correlations between these two traits. For each trait the 
multiple QTL LOD scores effectively equaled the arithmetic 
summation of the individual QTL map LOD scores (Table 2) 
suggesting that, while QTL may explain autonomous portions of 
the variation, their action is cumulative (Lincoln and Lander, 
1990). 
Phenotypic and genotypic correlations in relation to disease 
development 
Phenotypic and genotypic correlations between attributes 
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of disease development, agronomic traits and genome 
composition are shown in Table 3. Maturity, expressed as 
growing degree days to pollen shed or silk emergence, appears 
to be correlated with lesion size (r^ = 0.38 and 0.35; r^ = 
0.74 and 0.71 respectively); however, this is not true for 
number of lesions or percent leaf tissue diseased (Table 3). 
All other correlations between attributes of disease 
development and agronomic traits are of smaller magnitude. 
Whereas phenotypic correlations showed little if any further 
associations, genotypic correlations showed that grain weight 
appeared adversely affected more by size of lesions than 
lesion number or disease severity. Plant height was not 
correlated to disease attributes using either type of 
correlation. Both phenotypic and genotypic correlations 
between attributes of disease development and percent 
homozygous for Mol7 (AA) are always negative whilst those for 
percent homozygous for B52 are always positive. Percent 
heterozygosity is not correlated with attributes of disease 
development unlike agronomic traits, for example grain weight, 
where some correlation exists. 
Leaf penetration by pathogen and earlv establishment 
Spore germination was good on both inbreds and exceeded 
8 5% in all samples. With both Mol7 and B52 appressorium 
development was evident within 6 hours after inoculation. 
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Fungal penetration was direct. Occasionally penetration was 
through stomata but this was the exception not the rule. No 
comparative differences between Mol7 and B52 were evident from 
the histological examinations following leaf clearing. 
Mycelium growth within leaf tissue on both inbreds was evident 
24 hours after inoculation however there was a high degree of 
spore disruption and quantitative comparisons were not 
possible. 
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DISCUSSION 
The use of RFLPs to study host-plant response to plant 
pathogens is a relatively new application. There are only a 
few published studies where molecular markers have actually 
been used to map resistance genes (Melchinger, 1990). These 
studies include downy mildew resistance in lettuce (Landry et 
al., 1987), bean yellow mosaic virus resistance in peas 
(Weeden et al., 1984), pea enation mosaic virus resistance in 
peas (Weeden and Prowidenti, 1988) , tobacco mosaic virus 
resistance in tomato (Young et al., 1988) and blast resistance 
in rice (Yu et al., 1991). RFLPs have also been used to 
identify genes for disease resistance in maize. Host-plant 
response to maize dwarf mosaic virus was investigated using 
individual backcross plants screened in the greenhouse. Three 
point linkage analysis suggests tight linkage between an RFLP 
marker and a gene conditioning host-plant response on 
chromosome 6 (McMullen and Louie, 1989). Bubeck et al. (1992) 
used RFLPs to study host-plant response to gray leaf spot in 
three populations using natural inoculum and visual disease 
assessments; QTL identified were not consistent over 
environments. Tight linkages between RFLPs and the Htl and Ht2 
genes have been demonstrated in studies utilizing near 
isogenic lines and individual F^ plants (Bentolila et al. 
1991; Zaitlin et al., MNL 66:69-70, 1992). 
Using molecular-marker-facilitated quantitative trait 
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mapping the resolution of host-plant response into discernable 
components is evident in this study. Different regions of the 
genome, as well as different modes of gene action, are 
implicated in controlling attributes of host-plant response to 
NCLB. Number of lesions and disease severity show analogous 
log-likelihood plots across five linkage groups. In contrast 
however, lesion size in this population appears to be 
controlled by different regions of the genome (5L as opposed 
to 5S) or by somewhat different modes of gene action where QTL 
coincide (7L). Regarding QTL locations on chromosome 7L, 
quantitative trait mapping gives indications of genomic 
regions rather than exact gene locations; consequently it is 
impossible to say if the same gene or set of genes is involved 
in determining lesion size versus lesion number on chromosome 
7L. One gene may have more than one distinct phenotype 
(pleiotropy) or alternatively, several closely linked genes 
may be involved. The RFLP mapping results obtained in this 
study concur with the early translocation mapping experiments 
(Jenkins et al., 1957; Jenkins and Robert, 1961) on the 
importance of chromosomes 3, 5 and 7, despite the fact that 
these studies have utilized diverse germplasm. 
The high phenotypic and genotypic correlations for lesion 
number and percent severity in addition to the comparable log-
likelihood plots for the five linkage groups strongly support 
earlier studies indicating that quantitatively inherited 
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resistance seems to be manifested primarily by a reduction in 
lesion number (Hooker and Kim, 1973). The fact that number of 
lesions is highly correlated with percent leaf tissue diseased 
but not size of lesions may appear confusing at first. 
Essentially, in this population host-plant resistance appears 
to be achieved by a reduction of numbers of lesions, rather 
than their size. That is not to say that QTL affecting size 
are not discernable, but rather that their contribution to 
determining the composite trait, severity, is small relative 
to that made by lesion number. If lesions are prevented from 
forming then their size becomes a moot point, consequently 
correlations between size and severity are low. In contrast 
the chlorotic sources of resistance, which have qualitative 
inheritance patterns, have a more marked effect on lesion 
size. This, in addition to observable differences in lesion 
morphology, suggest that different resistance mechanisms may 
be involved. Quantitatively inherited loci that primarily 
control lesion number may be doing this by resisting the 
pathogen at an earlier stage of pathogenesis than the 
qualitatively inherited loci. Different mechanisms are also 
implicated by the fact that the quantitatively inherited 
resistance is effective against all races of Exserohilum 
turcicum presently known, in contrast to loci with known 
qualitative effects where race specific interactions are 
evident (Smith and White, 1988). An additional piece of 
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evidence comes from the observation that qualitatively 
inherited sources of resistance, in particular those 
conferring chlorotic lesion types, are clearly discernable in 
seedlings, whereas quantitatively inherited sources of 
resistance are not (Hilu and Hooker, 1964). The QTL identified 
in this study do not coincide with the location of the Htl or 
Ht2 genes (Freymark et al., 1992); however the location of Ht3 
and the HtN gene are currently unknown. The HtN gene, however, 
may have similar mechanisms to those of quantitatively 
inherited loci. While the HtN gene is inherited as a single 
dominant gene, it has been termed a 'lesion number type' of 
resistance (Hooker, 1977). It would not be surprising if its 
location conferred with QTL identified in this study; the HtN 
gene is possibly a qualitative mutant at a quantitative locus. 
QTL conferring resistance in the host to NCLB were almost 
always contributed by Mol7. The sign of the additive component 
of B allele effect for each QTL (not shown), and trait 
correlations with genome composition both support this 
statement. Host-plant response of Fj.j lines to NCLB was not 
related to heterozygosity, but rather to the proportion of the 
parental genomes. 
Genotypic correlations appeared a useful addition to the 
more standard phenotypic correlations. Phenotypic correlations 
are composed of both genotypic and environmental correlations. 
If the traits being compared have low heritabilities then the 
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environmental correlations may confound the interpretation of 
phenotypic correlations (Falconer, 1989). Consequently 
phenotypic correlations should be considered in conjunction 
with genotypic correlations. The latter were almost always 
greater in magnitude than the former. Given the large number 
of data points even small correlation coefficients become 
'statistically significant.' However it would appear better to 
consider the strength or magnitude of the correlation rather 
than its statistical significance alone (Cody and Smith, 
1991). In this regard host-plant maturity appears strongly 
correlated with lesion size but not lesion number or severity. 
A plausible explanation for this high correlation may be that 
time to flowering in the host, and size of pathogen lesions, 
are both a function of heat units. The low heritability 
estimate for lesion size (Table 1) also suggests that there 
are many non-genetic factors affecting this trait. It is 
therefore not surprising to see that only two QTL are 
implicated in determining lesion size. Lesion number and 
severity both have higher heritabilities and more QTL 
associated. The fact that genotypic correlations for host-
plant maturity and lesion size are almost twice the phenotypic 
correlations may be rationalized by the fact that while host-
plant maturity is generally highly heritable, lesion size has 
a low heritability. 
Surface penetration phenomena were easily observed on 
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seedlings of both inbreds when grown in the greenhouse. Spore 
germination and appressorium formation data support the 
suggestion that resistance in Mol7 may be expressed after 
tissue penetration has taken place. Seedlings, however, may 
not be valid indicators of adult plant behavior (Hilu and 
Hooker, 19 64). Nothing conclusive can be said about the 
mechanism of resistance and further investigation will be 
required. 
Molecular-marker-facilitated quantitative trait mapping 
is still a relatively new field, particularly in regard to 
mapping disease resistance loci. Resolution of separate 
components will enhance the prospects of marker-assisted 
selection. There appears much to be gained if individual 
constituents of host-plant response are pursued, facilitated 
by objective trait measurements and the increasing precision 
that the newer mapping methodologies have to offer. 
"The work of an explorers first voyage is 
really not complete when he drops anchor 
at home but only when mapmakers set his 
discoveries on paper so that others can 
follow." 
From: Columbus and the Age of Discovery by Zvi Dor-Ner 
Figure 1. Frequency distribution for percent heterozygosity (AB), percent homozygous 
Mol? (AA) and percent homozygous B52 (BE) from 150 Fj.j lines derived from 
the cross B52 x Mol7. For details on computation see "Materials and 
methods" 
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Figure 2. Linkage map for Mol7/B52 population created using 169 random Fj.j lines and 
112 probes. BNL5.02, BNL13.24, UMC153, UMC114, UMC81, UMCll, BNL10.06, 
UMC23 and ISUl were included subsequent to performing quantitative trait 
mapping. All are closely linked (< 2cM) to existing loci; their inclusion 
did not change total map distance or LOD scores appreciably. Probes with 
significant distortion from 1:2:1 goodness of fit ratio are marked with *, 
** and *** indicating probability levels of 0.05, 0.01 and 0.001 
respectively 
Figure 3. Linkage map and log-likelihood plots of chromosomes 1, 3, 5, 7 and 8 for 
average number of lesions per leaf (number), average percent leaf tissue 
diseased (severity) and average size of lesions in cm (size). Vertical 
lines represent LOD scores of 0, 2 and 4 respectively. (LOD of 2.31 used as 
threshold for declaration of a QTL). SFAOV results: *, ** and *** indicate 
significance at 0.05, 0.01 and 0.001 levels respectively 
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Figure 3. (continued); b) Chromosome 3: log-likelihood plots 
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Figure 3. (continued); c) Chromosome 5; log-likelihood plots 25 cM 
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Figure 3. (continued); e) Chromosome 8: log-likelihood plots 25 cM 
Table 1. Heritability estimates, variance components and associated standard errors 
for attributes of host-plant response to Exserohilum turcicum in Fj.j lines 
of a B52/M017 population 
Trait h? UCL LCL 4 + SE + SE al ± SE 
Number 69.6 76.9 60.0 0.86 + 0.10 1.41 + 0.17 0 .98**+ 0.17 
Severity 62.8 71.7 51.0 2.46 + 0.29 3.30 + 0.39 2 .07**+ 0.41 
Size 31.9 48 . 3 10.3 12 .82 + 1.50 9.41 ± 1.10 3 .00* + 1.3 3 
h^ : percent heritability on a progeny mean basis, UCL and LCL: 90% exact upper and 
lower confidence intervals for heritability estimates, a^ : error variance, a^ : 
phenotypic variance, a^: genotypic variance. 
*,** Significant at 0.05 and 0.01 levels of probability, respectively. 
Table 2. Location and effects of QTL affecting host-plant response to Exserohilum 
turcicum in Fg.j lines of a B52/Mol7 population 
Average number of lesions per leaf (number) 
Interval Chr. Variation LOD* Gene effects Contrib. d/a Gene 
explained /nAA jUAB mBB parent action 
UMC157 - UMC67 IS 6.8% 2. 31 1. 69 1. 06 1. 19 B52 1. 63 O.Dom 
UMC16 - NPI457 3L 13.2% 4. 60 0. 82 1. 32 1. 81 Mo 17 0. 20 Add 
BNL6.25 - UMC90 5S 11.8% 3 . 85 1. 01 1. 15 2 . 12 Mol7 -0. 65 P. Dom 
Multiple QTL model 29.5% 11. 10 
Average percent leaf tissue diseased (severity) 
Interval Chr. Variation LOD* Gene effects Contrib. d/a Gene 
explained /lAA /xAB MBB parent action 
UMC157 - UMC67 IS 8.0% 2.71 2.42 1.43 1.67 B52 1.88 O.Dom 
UMC16 - NPI457 3L 9.4% 3 . 22 1.27 1.70 2.60 Mol7 -0.18 Add 
UMC90 - UMC166 5S 13.4% 4.14 1.31 1.60 3 . 06 Mol7 -0.53 P. Dom 
BNL15.21 - UMCllO 7L 13.2% 3.84 1.08 1. 69 2.70 Mol7 -0.03 Add 
BNL9.08 - BNL7.08A 8L 7.5% 2.32 1.31 1.67 2.41 Mol7 -0.20 Add 
Multiple QTL model 44.6% 17.30 
Average size of lesions in cm^ (size) 
Interval Chr. Variation LOD* Gene effects Contrib. d/a Gene 
explained jUAA MAB jLtBB parent action 
BNL5.71 • - UMC51 5L 18.1% 4.32 6.71 7.55 10.28 Mol7 -0.45 P.Dom 
UMC116 - BNL15.21 7L 12.3% 3.70 6.11 8.37 8.23 Mol7 1.11 Reces 
Multiple QTL model 28.9% 7 .98 
"LOD threshold 2.31 . 
Interval: Probe interval in which LOD threshold exceeded, neighboring peaks not 
separated by a log-likelihood drop of 1.0 where considered local maxima of the same 
peak. Chr: Linkage group which includes the QTL interval. Short (S) or long (L) arm 
designations are approximate only as centromere probes were not included. Variation 
explained: Percent phenotypic variation for a trait explained by an individual QTL. 
Gene effects: Putative gene effects at each QTL where nkk represents the QTL trait 
value for all individuals homozygous Mol7. ^BB, the QTL trait value for all 
individuals homozygous B52, and fiAB the QTL trait value for all heterozygous 
individuals. For details of computations see "Materials and methods". Contrib. 
parent: Parental inbred responsible for a reduction in trait values at a QTL. Gene 
action: Determined from the ratio of dominance to additive effects (d/a); O.Dom, over 
dominance; P.Dom, partial dominance; Add, additive and Reces, recessive gene action 
respectively, see "Materials and methods" for guidelines adopted. Multiple QTL model: 
total percent variation explained and LOD score calculated for each trait in a model 
that included all individual QTL. 
Table 3. Phenotypic correlations (above diagonal) and genotypic correlations (below 
diagonal) between attributes of disease development®, agronomic traits® and 
genome composition® as measured in Fj.j lines 
Disease development Agronomic traits Genome composition 
Trait Number Severity Size Pltht Gwt Ears P_GDD S_GDD %RB %RR %BB 
Number 
• 
0. 95" -0. 22" 0. 04 -0. 06 -0. 13 -0. 02 -0. 12 0. 00 -0. 14 0. 13 
Severity 0. 98'' 
• 
-0. 08 0. 06 -0. 07 -0. 14 0. 05 -0. 06 -0. 03 -0. 20' 0. 22' " 
Size -0. 49" -0. 41" 
• 
0. 12 -0. 07 -0. 08 0. 38* • 0. 35" -0. 03 -0. 24' " 0. 26" " 
Pltht 0. 06 0. 07 0. 06 
• 
0. 07 -0. 02 0. 37" 0. 29" 0. 07 0. ,04 -0. , 12 
Gwt -0. 09 -0. 14 -0. 31' * -0. 05 
• 
0. 80"" -0. 30" " -0. 46'" 0. ,24" ' -0. ,02 -0. ,26" 
Ears -0. 15 -0. 21" -0. 24" -0. 11 0. 87* ' -0. 24"" -0. ,41" 0. ,04 0, , 14 -0. , 17" 
P_GDD -0. 04 0. 07 0. 74'  0. 51" -0. 36" -0, ,31"" 
• 
0, 80'  -0, 14 -0, 15 0, 29'  
S_GDD -0. 15 -0. 06 0. 71" " 0. 37" -0. 55" -0. ,51" " 0. 86" " -0 .20' -0, .07 0, .29" 
%AB 0. 00 -0. 03 -0. 06 0. 08 0. 27" 0, .05 -0. 15 -0, .21" -0, .56" • -0, .64" • 
%AA -0. 16' -0. 25' • -0. 43" • 0. 05 -0. 02 0, .16" -0. 16" -0 ,08 -0 .56" -0 .30"" 
%BB 0. 16' 0. 28' • 0. 46'  -0. 15 -0. 29" -0 .19' 0. 32' " 0 .31'  -0 .64* ' -0 .28* ' 
*,** Significant at 0.05 and 0.01 levels of probability, respectively. 
' For explanation of symbols, see "Materials and methods". 
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GENERAL CONCLUSIONS 
There is good agreement between single-factor analysis of 
variance and interval mapping regarding QTL location, however 
the appropriate levels of significance must be carefully 
considered. The SFAOV level of significance at one particular 
probe locus is not the same as that when considering all loci. 
For example a 5% false positive rate (Type 1 error) at one 
particular locus will be substantially lower than the false 
positive rate when considering the entire genome (Lander and 
Botstein, 1989). Consequently, when performing multiple tests 
with SFAOV, the significance level needs to be more 
conservative. In contrast MAPMAKER/QTL, which avoids the SFAOV 
approach of analyzing individual markers one at a time, does 
not require such adjustments. With the 103 probes in this 
study, QTL declarations based on a 1% false positive rate (P < 
0.01) in SFAOV had the best agreement with those declared 
using a MAPMAKER/QTL LOD threshold representing a 5% false 
positive rate (P < 0.05). 
Molecular-marker-facilitated quantitative trait mapping 
is still a relatively new field, particularly in regard to 
mapping disease resistance loci. Resolution of separate 
components will enhance the prospects of marker-assisted 
selection and also help applied plant breeders in their 
selection process. In this population it appears that breeders 
could make progress simply by selecting genotypes with the 
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fewest lesions, the heritability of this trait is high; these 
observations are in agreement with those of Hooker (1977). 
Comprehensive notes on percent leaf tissue diseased and size 
of lesions appear unnecessary and also unrealistic given the 
limited resources available to applied plant breeders. Disease 
severity and lesion number in this population are not 
significantly correlated with agronomic characteristics such 
as plant height or host-plant maturity; similar findings were 
reported by Hooker (1977). Based on the RFLP data and 
phenotypic and genotypic correlations, number of lesions 
appears strongly correlated with percent leaf tissue diseased, 
whereas size of lesions does not. This observation agrees with 
those others have made, namely that quantitatively inherited 
resistance to NCLB seems to be manifested primarily by a 
reduction in lesion number (Hooker and Kim, 1973). The 
mechanism of the chlorotic qualitative lesion resistance, on 
the other hand, appears to be directed against lesion size. 
Quantitatively inherited loci and qualitatively inherited loci 
probably effect resistance through different mechanisms. 
Quantitatively inherited loci control primarily lesion numbers 
perhaps by resisting the pathogen at an earlier stage of 
pathogenesis than the qualitatively inherited loci. This does 
not imply that two different sets of loci are involved 
however; the chromosomal regions containing the Htl and Ht2 
loci show a small contribution in determining lesion size. 
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even though alleles with dominant qualitative effects at these 
loci have never been reported in either inbred parent. It 
appears unlikely that this is 'ghost' or 'residual' effects 
due to defeated host genes. Rather it suggest a continuum of 
gene action ranging from very slight effects in the absence of 
alleles with dominant qualitative effects through to the 
marked qualitative effects typical of the Htl gene. 
Prior to 1974 only one physiologic race of Exserohilum 
turcicum was known to exist (Smith and White, 1988). The RFLP 
mapping results obtained in this study concur with the 
translocation mapping studies conducted in the early I960's on 
the importance of chromosomes 3, 5 and 7, despite the fact 
that these studies have utilized diverse germplasm and 
arguably even different fungal isolates given the 3 0 year time 
span. These may be key regions or gene blocks being conserved. 
More research is required to see if chromosomes 3, 5 and 7 
play a part in conferring resistance to other races of the 
pathogen- In addition these studies will need to utilize 
different host backgrounds and differing environments. 
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Table Al. Probe® and enzyme combinations used for each 
chromosome^ in RFLP assays 
Chromosome 1: EcoRV EcoRI Hindlll 
BNL15.18 BNL5.62 BNL12.06 
UMC128 BNL7.08B BNL8.29 
UMC52 NPI234 NPI1429 
UMC23 UMCll 
UMC33 UMC157 
UMC67 
Chromosome 2 : EcoRV EcoRI Hindlll 
Agp2 
BNL6.20 
UMC131 
UMC34 
UMC5 
UMC78 
UMC88 
Chromosome 3 : EcoRV EcoRI Hindlll 
BNL8.15 
NPI457 
UMC121 
UMC165 
UMC26 
UMC50 
UMC60 
BNL1.297 
BNL15.2 0 
BNL5.37 
ISUl 
UMC16 
UMC175 
UMC32 
UMC39 
Chromosome 4 : EcoRV EcoRI Hindlll 
BNL7.65 
NPI203 
UMC31 
BNL15.07 
BNL15.27 
BNL5.4 6 
NPI292 
PI010.25 
UMC123 
UMC15 
UMC158 
NPI287A ISU4 
UMC61 NPI565 
UMC53 
UMC98 
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Chromosome 5 ; EcoRV 
BNL5.71 
EcoRI HindIII 
BNLIO.06 
BNL5.02 
BNL6.25 
BNL7.43 
BNL7.71 
BNL8.33 
JC162 
UMC166 
UMC51 
PHI10.17 
UMC104 
UMC68 
UMC90 
Chromosome 6 : EcoRV EcoRI HindIII 
ISU5 
NPI280 
UMC62 
BNL3.03 
NPI560 
PLI 
UMC21 
UMC85 
Chromosome 7 : EcoRV EcoRI HindIII 
BNL14.07 BNL13.24 BNL15.21 
BNL16.06 BNL15.4 0 
dek326 BNL8.37 
UMCllO BNL8.39 
UMC116 UMC80 
Chromosome 8: EcoRV EcoRI HindIII 
NPI220 BNL7.G8A BNL8.26 
UMC89 BNL9.44 BNL9.08 
NPI268 UMC103 
Chromosome 9: EcoRV EcoRI HindIII 
BNL3.06 CI 
UMC114 
UMC153 
UMC20 
BNL14.28 
BNL8.17 
PI010.5 
UMC70 
UMC81 
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Chromosome 10: EcoRV EcoRI Hindlll 
NPI287B PI010.16 
PI020.0075 
UMC64 
BNL10.17 
NPI232 
NPI303U 
PI010.33 
Unassigned^: EcoRV EcoRI Hindlll 
NPI250 PI020.0042 
^Probes that are clones of genes with known functions: 
Agp2, ADP glucose pyrophosphorylase; CI, colored aleurone; 
dek326 (renamed ren2), reduced endosperm; PlI, purple plant. 
^Of the 114 probes, NPI250 and PI020.0042 were not included in 
the final map. Linkage information for NPI250 was ambiguous 
(chromosomes 3 and 5) and contradicted previously published 
locations. No linkage was detected with PI020.0042. 
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Table A2. Linkage map for Mol7/B52 population created using 
169* random lines and 112^ probes 
Chromosome 1 Map: 
BNL5.62 - BNL12.06 47. 3 CM 30. 6 % 
BNL12.06 - NPI234 26. 1 cM 20. 4 % 
NPI234 - UMCll 1. 3 cM 1. 3 % 
UMCll - UMC157 16. 7 cM 14. 2 % 
UMC157 - UMC67 35. 7 cM 25. 5 % 
UMC67 - NPI1429 9. 5 cM 8. 7 % 
NPI1429 - UMC58 9. 2 cM 8. 4 % 
UMC58 - BNL7.08B 25. 6 cM 20. 0 % 
BNL7.08B - UMC33 14. 5 cM 12. 6 % 
UMC33 - UMC23 1. 4 CM 1. 4 % 
UMC23 - UMC128 8. 6 CM 7. 9 % 
UMC128 - BNL15.18 25. 4 CM 19. 9 % 
BNL15.18 - BNL8.2 9 30. 0 cM 22. 5 % 
251. 2 cM 
log-likelihood = -1138.244772 
Chromosome 2 Map: 
UMC53 - UMC78 33. 4 cM 24 .4 % 
UMC78 - NPI287A 15. 0 cM 13 .0 % 
NPI287A - UMC61 2. 6 CM 2 .6 % 
UMC61 - UMC34 10. 8 cM 9 .7 % 
UMC34 - UMC131 14. 8 cM 12 .8 % 
UMC131 - ISU4 10. 0 cM 9 .1 % 
ISU4 - Agp2 4. 8 cM 4 .6 % 
Agp2 - NPI565 2. 9 cM 2 .8 % 
NPI565 - UMC5 9. 2 cM 8 .4 % 
UMC5 - UMC98 4. 7 cM 4 .4 % 
UMC98 - UMC88 16. 8 cM 14 .3 % 
UMC88 - BNL6.20 8. 6 cM 7 .9 % 
133.6 CM 
log-likelihood = -960.010277 
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Chromosome 3 Map: 
BNL8.15 - UMC32 3. 7 cM 3 . 6 % 
UMC32 - UMC121 17. 7 CM 14. 9 % 
UMC121 - UMC50 56. 2 cM 33 . 8 % 
UMC50 - UMC175 6. 5 cM 6. 1 % 
UMC175 - UMC26 10. 3 cM 9. 3 % 
UMC26 - BNL5.37 11. 6 cM 10. 3 % 
BNL5.37 - UMC165 11. 7 CM 10. 5 % 
UMC165 - UMC60 10. 3 cM 9. 3 % 
UMC60 - BNL15.20 12. 0 cM 10. 6 % 
BNL15.20 - UMC3 9 5. 4 cM 5. 2 % 
UMC39 - BNL1.297 5. 9 cM 5. 6 % 
BNL1.297 - ISUl 4. 3 cM 4. 2 % 
ISUl - UMC16 1. 9 CM 1. 9 % 
UMC16 - NPI457 32. 8 CM 24. 0 % 
190.5 CM 
log-likelihood = -1084.197565 
Chromosome 4 Map: 
UMC123 - UMC31 34. 0 cM 24. 6 % 
UMC31 - BNL5.46 6. 9 cM 6. 4 % 
BNL5.46 - BNL15.27 19. 6 cM 16. 2 % 
BNL15.27 - NPI292 60. 2 CM 35. 0 % 
NPI292 - BNL7.65 4. 6 CM 4. 4 % 
BNL7.65 - UMC158 3 . 6 cM 3 . 4 % 
UMC158 - UMC15 5. 5 CM 5. 2 % 
UMC15 - PI010.25 2. 7 CM 2. 6 % 
PI010.25 - NPI203 6. 3 cM 5. 9 % 
NPI203 - BNL15.07 20. 1 cM 16. 6 % 
163.4 CM 
log-likelihood = -874.056842 
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Chromosome 5 Map: 
BNL8.33 - BNL6.25 14. 9 cM 12 . 9 % 
BNL6.25 - UMC90 19. 8 cM 16. 3 % 
UMC90 - UMC166 25. 0 cM 19. 7 % 
UMC166 - BNL5.02 0. 6 cM 0. 6 % 
BNL5.02 - JC162 2. 5 CM 2. 4 % 
JC162 - BNL7.43 8. 8 cM 8. 1 % 
BNL7.43 - BNL10.06 0. 0 CM 0. 0 % 
BNL10.06 - BNL7.71 3. 4 cM 3. 3 % 
BNL7.71 - BNL5.71 16. 5 cM 14. 0 % 
BNL5.71 - UMC51 28. 8 cM 21. 9 % 
UMC51 - UMC68 25. 4 cM 19. 9 % 
UMC68 - UMC104 32. 5 CM 23 . 9 % 
UMC104 - PHI10.17 4. 3 CM 4. 1 % 
182.4 CM 
log-likelihood = -1044.658751 
Chromosome 6 Map: 
UMC85 - PLI 
PLI - UMC21 
UMC21 - BNL3.03 
BNL3.03 - NPI560 
NPI560 - ISU5 
ISU5 - NPI280 
NPI280 - UMC62 
26.7 CM 20.7 % 
12.6 CM 11.1 % 
6.1 CM 5.7 % 
5.3 CM 5-0 % 
15.9 CM 13.6 % 
19.0 CM 15.8 % 
19.3 CM 16.0 % 
104.9 CM 
log-likelihood = -696.485365 
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Chromosome 7 Map: 
BNL15.40 - UMC116 11. 1 CM 10. 0 % 
UMC116 - BNL15.21 9. 0 cM 8, 3 % 
BNL15.21 - UMCllO 10. 5 cM 9, 4 % 
UMCllO - BNL13.24 1. 5 CM 1. 5 % 
BNL13.24 - BNL8.37 9. 5 CM 8. 7 % 
BNL8.37 - BNL14.07 3 . 3 cM 3 . 2 % 
BNL14.07 - BNL8.39 4. 7 cM 4. 5 % 
BNL8.39 - dek326 7. 3 cM 6. 8 % 
dek326 - UMC8 0 26. 8 cM 20. 7 % 
UMC80 - BNL16.06 10. 9 cM 9, 8 % 
94.6 CM 
log-likelihood = -831.982224 
Chromosome 8 Map: 
NPI220 - UMC103 
UMC103 - BNL9.44 
BNL9.44 - BNL9.08 
BNL9.08 - BNL7.08A 
BNL7.08A - BNL8.26 
BNL8.2 6 - UMC89 
UMC89 - NPI268 
30.8 CM 23.0 % 
27.9 CM 21.4 % 
3,5 CM 3,4 % 
10.4 CM 9.4 % 
18.5 CM 15.5 % 
2.3 CM 2.2 % 
25.6 CM 20.0 % 
119,0 CM 
log-likelihood = -686,874214 
Ill 
chromosome 9 Map: 
UMC70 - PI010.5 3 . 7 cM 3 . 6 % 
PI010.5 - CI 11. 8 cM 10. 5 % 
CI - BNL3.06 38. 3 cM 26. 8 % 
BNL3.06 - UMC20 8. 4 cM 7. 7 % 
UMC20 - UMC81 1. 2 cM 1. 2 % 
UMC81 - UMC153 0. 6 cM 0. 6 % 
UMC153 - UMC114 1. 2 cM 1. 2 % 
UMC114 - BNL8.17 11. 9 cM 10. 6 % 
BNL8.17 - BNL14.28 53. 0 CM 32. 7 % 
130.1 CM 
log-likelihood = -729.671085 
Chromosome 10 Map: 
BNL10.17 - PI020-007 7. 5 cM 7. 0 % 
PI020.G07 - UMC64 80. 9 cM 40. 1 % 
UMC64 - NPI303U 3. 2 cM 3. 1 % 
NPI303U - PI010.33 3. 0 cM 2 . 9 % 
PIOIO.33 - PIOIO.16 3. 0 CM 2. 9 % 
PI010.16 - NPI232 4. 5 cM 4. 3 % 
NPI232 - NPI287B 17. 6 cM 14. 8 % 
119.7 CM 
log-likelihood = -612.646035 
®0f the 114 probes, NPI250 and PI020.0042 were not included in 
the final map, see Table Al. Probes BNL5.02, BNL13.24, UMC153, 
UMC114, UMC81, UMCll, BNL10.06, UMC23 and ISUl were included 
subsequent to performing quantitative trait mapping. All are 
closely linked (< 2cM) to existing loci; their inclusion did 
not change total map distance or LOD scores appreciably. 
''Of the 169 Fj.j lines used create the map, only 150 were used 
for replicated field tests. See Table A6. 
Table A3. RFLP data for 114 probe loci (rows) in 169 Fj.j lines 
(columns) from a Mol7/B52 population. A represents 
homozygous for Mol?, B homozygous for B52 and H the 
heterozygote. represents missing values. Probes 
are listed in the order they appear on the linkage 
map 
BNL5.62 AHHHBAHHHHHBBBHAHBAHAAAHBABBAHHHHHHHHHBABBHBAHHHBHHHHHABHBAHHAHAAHBHBBAHAHHABHHBAHAAHAB 
BNL12.06 HHBHHHHHAHHBBBHAHHBAHHHABAHBAAAHAAHHAHBHBBBBABAAHHHABAHBAHHHAABHHBBHBBAHHAAAHAHBHABHHHH 
NPI234 ABHAHHHAAHBHBBBHAABHHHBABHHBHAHHAHBHHHHHHB-HHBAAHHHHBAHHAAHBAA-HH-HH-H-HAAHAAA-HHHBAHHH 
UMC11 ABHAHHHAAHBHBBBHAHBHHHBABHHBHAHHAHBHHHHHHBBHHBAAHHHHBAHHAAHBAABHHBHHBHAHAAHAAAHHHHBAHHH 
UMC157 HBHAHBAHHABABBHHAHBHHBBABBHHHAHHAHBHBHHHHBBAHBAHAHHHHAAHAAHBAABAHBHHBHAHHAHAAAHABHBAHHB 
UHC67 HHHAHBABHABABBABBHBHHHBHHBBHAAHHAHHABHHHABHAABHHBBABBHBHBAHBAHBHHHHHHAABBAHHAAHBAHAHHBB 
NPI1429 BHHHHBABBAHAH-ABBHHHHHBHHBBHAAHHHHHABAHHHBHAABHHHBHHHHBHBHHBAHBHHHHHHAABBAHHAAHABBAHHBH 
UHC58 BHHHBBHHBAHABBABBHBHHHHHHBBHAAHHHBH-BAHHHBHAHBHHBBHBBBBHBHHHAHBBHHHHHAABBAHHHHHABBHHHBH 
BNL7.08B BAAHBHHHBBBABBABBABHHAAHHHBAHAHHBHHABAHHHH-AHBBHHBHBBBHHBBHHHHBBHAHHAHAHBAHHBBHABBAAAHH 
UMC33 BHAHBHHHBBHA6HAHBHBHHAHHHHBHHAHHHHHABAHHBH-AHBBHBBHHBBHAB--HHHBBHHHHHHAHBAHHBBHABBHA8HH 
UMC23 -HAHBHHHBBHABHAHBABHHAHH-HBHHAHHHHHABAHHHHHAHBBHBBHHHBHABBBHHHBBHHHHHHAHBAHHBBHABBHABHH 
UHC128 HHAHBHHHBBHHBAAHBHHHKA-AHHBHHAHAHHH-HHHHHAHAHBBHBBHHHBHABBB BHHHHHHAAHAHABBHABBHABAA 
BNL15.18 HHBHHAHBH-HHHAHHBAAHHA--HHHHAHBHHHH-HH-HHAHAHBHAHBBBHBHHHHBHBA-BHHHHBB-HHAHAHBAHHBBABAA 
BNL8.29 HHBAHAHHHHHHHAAHHAAHHAHHBHAHAABHHAHAHHAAHHHHBHAAHHBHHBHHBHBHBHBBBBHHBHBHHAHAHHHHAHHHBAH 
UHC53 KAAAHHHAHHHBAHAAHHAHB-BHHBAHHAHBAHBBHHBBBA-BHBHHBHABHHHHBAHHAAHBHBHABABHHHHHBHBAHBBHHBA 
UHC78 HHAAHBHHHHHHAHHBAAHHBABHBHAHHAABHHBHHHBBBAHHAHHHHHAHHHHHBHHHHAHBHAHABHABBBHHHAHAHHBAHBA 
NPI287A HHBAHBHHHHHHAHHBA--H--BHBHAHAAABHHB-HBBHHAHHAHHHHHAHHAHHHBBAHHAHHAHAHH-BBBHHHAAHHHBAHHA 
UMC61 HHBAHBHHH-AHAHHBAHHHBABHBHAHAHABHHB-HBBHHA-HHHHHHHAHH-HHHBBAHHAHHAHAAH-BBBHHHAAHHHBA-HA 
UMC34 HBBAHBHHHBAHHAHBAHHHBABHBKAHABABHHBHHBBHHAHHHHHHHHBAHHHHHBBABHAHHAHAHHHHBBHBHAAHHHBHBHH 
UMC131 HBBAHBAHHHAKHABBAHHHBHBHBHHBABAHHHHHHBBHHAHHHHHHHHBAHAHHKBBABAAHHAHHHHHHBBHBAAHHHAAHAHH 
ISU4 HBBHHBAHH-AHHABHAHHHBHBBBAHBABHHHHHHHBHHHHHHAHHHHHHAHAHHHBBHBAAHHAHHHHAHBBHBAAHHHHBHBBH 
Aqp2 HBHAHBAHHHAHHABAHHHHBHBHBAHBABHHHHHHHBHHHHHHAHHHHHHAH-HHKBBHHAAHHAHHHHBHBBHBAAHHHHBBBBH 
NPI565 HBAAHBAHHHHHHABAHHHHHHBHBAHBABHHHHHBHBHHHH-HAHHHHHHAHAHHHBBHHAAHHAHHHHBHBBHBAAHHHHBBBBH 
UHC5 -BHAHBAHBHHBHABABHHHBHBHBAHBAHHHHBBHHBHHHHHHAHAAHHHAHABHHBB-HH-HHABHHHBHBBHBAHHBHHBBBBH 
UMC98 HBHAHBAHBHHBHABABHHHBHBHSHHBAAHHHBBHHBHHHH-HHH-AHHH-HABH-BBHHH-HHABHHHBHBBHB-HHBHHBBBBH 
UHC88 BBHAHBABBHHHHABABHHHBBBHBAHHAHHHHBBHHBHHHHHBAHAAHHHHBABHHBBHHH-HAABHBHBHBBHBAHBBHABHBHH 
BNL6.20 BBHHHBHBBHHHHABABHHHBBHHBHHHAHHHHBBABHHHHHAHAHAAHHHHBABHHHBA HHHABHBHBBHBAHBBAABHBHH 
BNL8.15 BHAHBBH-HHHHNHHHHHAHABABABHHHAHHHA--BHAH-A-AHHBHHHHHHAABHHHHHHBAHAHHBA-BHHBHHAABHHHABHA 
UMC32 HHAHBBHAAHHHHHHHHHAHABABABBHHAHHHAHHBHAHAABHHHBHHHAHHAABHHHHHH--HAHHBAHBHABHHAHB-H---HA 
UHC121 HHHHHAHAAHHHBHBHHHAHAAAHHHHHHAABHHBHBHAHAABHHAHHBHHHHAHBBHHBHHHAHAHABHHBHHHAHHHBAHAABHA 
UMC50 BHHAHAHHHHHABAHHBHAHAHAHHAABBHAHBHHHBBHHBHBBAHHHBAHAAHBBHBHHHHAHHHHHBAAHHBAAHHHBHHHHBHA 
UMC175 HHHAHAHHHHHHHAHHBBAHAHAHHAABBHAHBHHHBBHHBHBBAHHHBABAAABBHHHHHAAHHHHHBAAHHBAAHHABHHHHBHA 
UHC26 BHHAHAHHHHAAHAAAHHAHAHAHHAABHHAHBHHHBHHHHHBBAHHHBABAAHBBHHHHHA-HH-HHBAAHHBAHBHHBHBHHBHH 
BNL5.37 BHHAHHHHHHHAHAAAHHAAA-AHHAAHBHAHBHHHBHHHHH-BAHHHBHBAAHBBHHHHHA-HBABABAAHHBAHHHAHHBHHBHB 
UMC165 AHHAHHHHHHHAHAAAAHAHHHAHHAAHBHAHBHHHBHHHHHBBAHHABHBAAABBHHBHAAHAB8HABHAHBHAHHHAHHSBHBHB 
UHC60 H-HAHHHHHHHABAAAABAHHHAHHHAABHAABHHHBHHHHHBBAHAABHBAHHBBHHBHHAHABBHAHBABBHAHHHHHBBBHBAB 
BNL15.20 AHHABHHHHHHABHHHAHAHHHAHHHAABHHABHBHBABHHHHBHHAABHBAHHHAHBBHHAHABBHAHBABBHHBHBAHBHBHBAB 
UHC39 HHHABHHHHHHABHHHHHAHNHAHHHAHBHHABHBHBABHHH-BHHAAHHHAHHHAHBBHHA-ABBHAHBABHHHBHBHHBNBH-HB 
BNL1.297 HHAABHHHHHHABHHHAHAHHHAHBHAHBHHABHBHBABHHHHBHHAABHHAHHHAHHBHHAAAHBHAHHABHHHBHBHHBHBHBAB 
ISU1 HHAABHHHHHHABHHHAHHHHHAHBHAHBHBABHBHBABHHA-BHHAABHHAH-HAHHBHHABAHBHAHBABHHHBHBAHBHBHBAB 
UHC16 AHAABHHHHHHABHHHAHHHHHAHBHAHBHHABHBHBABHHAHBHHAABHHAHBHAHHBHHABAHBHAHBABHHHBHBAHBHBHBAB 
NPI457 HHAAHHHHBHBHBHBAAHB BHHABBHHAHH-ABAAA-A AHHHHAHBBBH-BHHABAA-HHABAHAHBHHHAHBABAAAH 
UMC123 BAAHAAHHHAHABBHHHBHHHABBHAAAAHHHHHAAHHBAAHHHBHHABHAAHHHHBHHHAAABHAHBHHHBHHHBAHHABHHAHHB 
UMC31 HHHAAHHHHHBBBBHHHBBHHHHBBHHHHHHHHHAHHABHAAHBHAAHBHAHAHBHHNHAAABBBHHHBHHBBHHBHAAABHAABAB 
BNL5.46 HBHAHHHHHHBHBBHHHBBHHHHBBHHHHHHBHHAHHAHHHAHBHAAHBHAHHHBAHHHAAABBBHBHBBHBBHHBHAHABHAAHAB 
BNL15.27 HBHAHHHHHHBHBBHHBBHHHBHBBHBHHBHBABAHHHHBHAHBBAABBHAHBHHHHAHAHABABHBABHHBBHHHHAAABBAAHAB 
NPI292 HBBHH-HBHHHHHBHHHHHHAHBHBHB-A-HBBHHHAAHHAH-BAHHBHHHHHHBBAHHHHHHHBBHH-HHHHHH--AAHA--AAAH 
BNL7.65 HABHHHHBHHHHKBHHHHHHAHBHBBBHABHBBHHHAABHAHHHAHHBHHHHHHBBANHHHHHHBBHHBHHHHHHBHAHHAHBAAAH 
UHC158 HABHHHHBHHHHNBHHHHHHAHBHHBBHABHBBHHHAABHAH-HAHHBHHHHHHBBAHHHHHAHBBHHBHHHHHHBHAHHAHBAAAH 
UHC15 HABHHHHBHHHHHBHHHHH-AHBHH8BHAHHBBHHHAABHAHAHAHHBHHHHHHBBAHHHH--H-BHHBH-HHAHBBAHHAHBHAAH 
PI010.25 HABHHHHBHHHHHBHHHHHHAHBHHBBHAHHBHHHHAABHAHAHAHHBHHHHHHBHAHHHHHAHBBHHBHHHHAHBHAHHAHBHAHH 
NPI203 HABHHHHBHHHHHBHHHHHHBHBHHBBHAHHBHHHHAABHAHAHHHHBHHHHAAHHAHHHHHAHB-HH-H-HHAHBHHHHHBBHAHH 
BNL15.07 HAHHHBAHHHHHHBHHHHHHBHBAABBHHHHBHBHHAAHHAAAHHHABHHBHAAHHABAHHHBAHBHHBHHABAHBAHHHHBBHABH 
BNL8.33 HAHHHBHAHHHAHHAHHBHHHHAABHAHAHHBHHBBHBBHHABBHHBHBAHBHHHHBHBHHABHAHHHHAHAHHHHHHHHHHHHHHB 
BNL6.25 HAHHHHAHHHHAHBAHHAHHHHAHBHHHAHABHHHBHBBHHAHBHHB-BABBHHAAHHBHHABBAHHHHAHAHHHHBBAAHHBHAHB 
UMC90 HHBABHAHHHHAHBAHHAHHHAAHBBHHAHABAHHBHBBHHAHHAHHHBHBHHHAAHHBHHHBBHAHAAHHAHHHHHBHAAHAHAHB 
UHC166 HHHAHHAHHHHAHBAHBAHHBAHHBBHHAHABAH--HBBHHHAHHHAHBHHHHHAAA-HHHHBBHAHAHHAAAHHAHHHAAAAAAHH 
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HHHHBHBAHAHHHHAHBHHHHBHABHAAAABBHHAHHBHHAAHBHHHHAHBHABHHBBAHHHHHAHABBHHABHHHBHAHHH 
HHAHBAHAHHHHBHAHHHHAHHHHHHHHAAABHBHHBHHHHAABBHHHAABBHBHHHBHHHBHHHHHHBHAHBBHHABHHBH 
HHHH-AAHAHHHBHAHHAHHHH-HHAHHAAABHAHHHABBHAABHHAHAAAHHHHH-HHHHBHH-BBKB-AHHBAAABHHBA 
HHHHBAAHAHHHBHAHH--HHHHHHAHHAAABHAHHBAB-HAABHHAHAAAHHHHHHHHHBBHHHBHHBHAHHBAAA A 
HHHHHAAHAHHHHHABHAHBHHAHHHHAAAHBHAAHHABHAAHBHHAHAAABHHHHHHHHBAHBHBHABHHHABABABH--A 
BBBBHABHHBHBAHABBABHHHAHHBHAAHBBHHABAAHHAAHBHHABAAHHHHHHBHHAHAHBHHBABHHHABHHHBHBBA 
BBBBHHBHHBHBAHHHBABHHHAHHBHAAHB-HBABAAHHAAHBHHABAAHHHHHHBHHHHAHBHHBAHHHHAHHHHBHBHA 
BHBBHHBBHBHBAHHBBABHHHAHHBHAAHBBHBAHAAHHAAHBHHHBAAHHAHHHBHHHHAHBHHHAHHHHAHAAHHHBHA 
BHHH-HBHHAHAHHHHHABHAHAHHBHHHHB8AHAAAAHHAABBAHAHAAHHAHHH-HHA-AHHBA-HHAHHAHHAH-A--A 
BHHHBHBAHHBHHHHHBABBBHAHHBBBHHBBABAHHAHHAABHHHHBHABHAHHHHHHA-ABHBAHHHAHHAHHAHHAHHA 
BHHHBHBAHHBHHHHHBABBBHAHHBBBHH--ABAHHAHHAABHHHHBHABHAHHHHHHHHABHBAHHHAHHAHHAHHAHHA 
BHHHBHBAAHBHHHHHBABBBHHAABBBHHHHABAHHAHHHHBHHHHBHABHAHHHNBHHHABHBAHHHAHHAHHAHHAHHH 
BHHHBAHAH-AHHAHABABHBHHAABBBHHHBABAHHHHH-HBHHHHHABBBAHHBHBBHBABHBAA-HAAHAAAHHHAH-H 
HBABHAAHBHHHHHHHHAHHBHHHABBHHAHHAHAHHBABBAHHHHHHABBHHHHHHABHBAHHBAAHHHAHHAAABHHHHH 
BBABBHBBHBHHHHHHHH-BHHHBAAAHHBAABAHAHHABHBBBHHHHHBHBHHAHHHAHHHHBBAAHHAHHAHABAAHBBB 
HBAHBHBHHAAHHHHHBBAHHAABAAHABBAHAAHAAHHHHABBHBHHHBHAHHAHHHAHHHBHBHHHHHHHAHHHABBBBB 
ABAHBHBAAAAHHHHHBBAHHAHBAAHAHHHAAAAAAHHHHABHHHHAHBHABAAHBHAB-HHHBHHHBHHAAHHHABBB--
ABAH-HBAAAA-HHHHBBAHHA-BAAHAHHHAAAAAAHHHHABHHHHAHBHABAA-BAAB-HHHHHHHBAHAAHHHA-BBHH 
ABAHHHHAAAAHHHHHBBHHHHHBAHHAHHBAAHHAAHHHHABHHHHABBHABAHHBAHHBHHHBBHHBHHAAHHHABBBHH 
AHABHBHAAHHHHBHBHHHHHHABHHHAAABAHHHAAHHHHAHHHBHABBAHBHHHBAHHBHHABBHHBHBAHHHHABBBHH 
AHABHBHAAHHHHNHHHHHHHHABHBHAAABHAHHHABHHHHHHHHBHBBAHBHHHBAHHBHHABBHHBHBAHHHAABBBHH 
AHABBBHAAHHHAHHHHHHAHHABHBHAA-BHAHHHHBHHHHHHHHBHBBAHBHHHBAHHBHHABBHHBHBHHHHAABHBHH 
AHHBBBHAHHH AHHABHBHAAABAAHHHHBHHHHHHHHBHBBAHBHHHBAHHBHHABBBHBHBAHHKAABHBHH 
AHABBBAAANBBAHHHHHHAHHABBBHAAABAAHHHHHHHHHHHHHBHBBAHBHHABAHHBAHABBHHBHBAHHHAABHBHA 
AHABBBAAAHBBAHHHHHHAHHABBBHAH-B-AHHHHBHHAHHHHHBHBBHABHHHBAHBBAHABBHHBHBHAHHA-BHBBH 
HHHB-BHAHHBBAHH AHBHBBBHAHABHAHHHBBHHHHKHHHBBBAHHHHBHHAHHBHHABHAHBBBAHHBAAHHBHA 
AHHHBBH--HBBAHHAHHHAHBHBBBHAHAB-HHHHBHHHHBHHHHHBBAHHHHBAHAHHBHHABHAHBBBHHHBAAIIHBHA 
BHHH-HB KHBBAHHAAAHBHHAHHHAHHABHAABBHHHBHHAHHAAAHBHHAAABAHBAHBAHHHAHHHA 
BAHHHHBAAAAAAABHHAHHHBBAHHAAAHBHHAHHHAHHHBHAHBBHHHBHHAHHAAAHBHHAAABAHBAHBAHHHAHHHA 
BBBHHHBAAAAAAABBHABHHBBAAHAAAHBHHAHHHAHHHBHABBBHHHBHHAHHAAAHBHHAAHBAAHAABAABHABAHA 
BBBHHHHHHAHAAHABHHBHHHHHAHHHHHHAHHHHBHBBAAHAHABBAAAHBHBHHHAHAHHAAHBAAAHAHAHBHBHBBH 
BBBH-AHHHHHAAHABHHBHHHABAHHHHAAAHHHHBHBBAABHHABBAAAHBHBHHHAH-HHAHHBAAABAHAHHHBHBBH 
BBBHHAHHAHHAABABHHHHHHAHAHHHHAAAHHHHHHBHHABHHABBHAAHHKBHHHAHAHHABBBAAABABAHHA-H--H 
BBBHBHHHAHHAHBABHHANBHAHAHBHHAA-HHAHHHBABHBHHABBHAAAHHBAHHAHHHHAHHBAAABAAHHHABHBBA 
BHBHBHBHHHHAHBABHHAHBHAHAHBHHAAABHAHHABABHHHHABBHHHHAABHHHAHHHHHHHBAAABAHBAHABHBBA 
BHBHBHBBHBHAHHAHAHAABHAHAHBHAAAHBHAHHAHABHHAHABBHHHHAHBHHHAHHHHHHHBAAHHAHBAHHBHBBA 
BHHHBHBBHHHAHHAHAHAABHAHAHBHHAAABHHHBAHABHHAAHBBHHHHAABHHHABHBAHHHBAAHHAHBAAHBHBBA 
BHHH-HBBHHHAHHAHA--ABHAHAHBHHAAABH-HBAHAHHHAAHBBHHHHAABHHHA-BBHHHHBHHHHAHBHAHBH--A 
HHHBBHBBHHHAHHAHAHAABHAHAHBHHAAABHHHBAHAHHHAAHBBHHHHAABHHHAHHBAHHHBHAHHAHHAAHBHAAA 
HHHBBHBBHHHAH-AHAHAABHAHAHBHHAA-BHHHBAHAHHHAAHBBHHHHAAHHHHHHHBAHHHBHAHHAHHAAHBHBBA 
HHHBBHBBHHHAHHAAAHAABHAHAHBHHAAABHHHBAHAHHHAAHBBAHHHAAHHHHHBABAHHHBHAHHAHHAAHBHBBA 
-BBB-HB-HHH-HHAAH--HBHAAAAH-HBHHBHAHBABAHHAHAHBBAHHHHAAH-BHH-HHHHHBHHBBAHAAHBHHBBH 
AHHHHHBAHABHHBBHBHAHAABHBHHHHBBAHHHAHH--HHHHHAHHHAHBBHHAAAHHABHHHABHABAAHHAHHHHBHH 
AHHHHABAHABBBHBBBBHHAHBHBHBHHHBHHAKAHBAHHHABBAHHHHHHHHHAHAHHHAHHHABHAHAAHHHAHHHBHB 
AHHHHABAHABBBHBHBBHHAHBABHBHHHBHHAHHHBAHHHABBAHBHHHHAHHHHAHHAAHHHHHHAHAAHHHAHHHBHB 
AHHHHABAHAHHBHAAHHHHHBBBBHHAAHBHHAABHBHHHHABHAHHH-HHAHHBHABHHAHHHHHHAHAAABBAHHB--B 
--BBHAHHHAAHBHBHHBHAHAHBB-AAHHHB HH-HHBHBHAAAAHBBHAHHBBHHHAHBBHHHHHAAHHBAAHHHHB 
BAHHHHHHHAAHBHBHHBHAHAHBBBHAHHHBHAAHHHBHHBHBHAAAAKBBHAHHNBHBBAHBBHHHNHAAHHBAAHHHHB 
BHHHHHHHAAAHHHBHHBHAHAHBBBHAHHHBHAAHHHHHHHHBHAAAAHBBHAHHHBHHBHHBBHHHHBAAHHBAAA-HHB 
HHHH-HHHHAAHHHBHABHA-AHBBHHAAHHA-AAHB-HHHHHBBHAAAH--HAHHHBHA-HHBBH-HHBAAHHBAA-HH-B 
HHHHHHHHHAAHHHBHABHAHHHBBHHAAHHHAAAHBHHHHHHBHHAAAHBBHAHHHBHHBHHBBHHHHBAAHHBAAHHHHB 
BHHHHHBHHAAHHHBHABHABH-BBHHAAAHAAAAHBHHHHHHBHHAAAHBBHAHHHBBHHAHBBHHHHBAAHHBHHHH--B 
BHAHBHBHHAHHHHBHAHHHBBHBHHHHAABAAHAHBHAHHHBBHHHAHAHBBHBHHBBHBAHBBHH8HHAABHHHHBAHHA 
HHBAHHBAHHHHHAHHHHBHABHHBABABHAAHHHHHHAHBHHHHABHBHBHAHHHAHBHAHHAAAHAABBHHAHHBHHHBH 
BHBAAHBAHHHHHHHHHHHHABHAHABABAAABHAHHHAHBHHAHHHHBHBHAHHHAHHHHHHAHAHAAHBHHAHHBAHBBH 
BHBAAHHAHHHHHHHBHHHHABHHHABABBAABHHBHHAAHAAHAHHHBHBBHHAAHHHHAHAAHAHAAABAAHHHBABHBA 
BABAHHAHBHBHHHHBHHHBABHHBHHHHHHHBHNHAHAH-HHHHAHABABHH-AHHAHHBHHBHHHHHAHAAHHHHABHBA 
BNL5.02 HHHAHHAHHHHAHBAHBAHHBAHHB8HHAHABAHHHHBBHHH-HHHAH8HHHAHAAAHHHHHBBHAHAHHAAAHHAHHHHAAAAAHH 
JC162 HHHAHHAHHHHAHBAHBAHHBAHHBBHHAHABAHHHHBBHHHAHKHAHBHHHAHAAABHHHHBBHAHAHHAAAHHAHHHAAAAAAHH 
BNL7.43 HHAAHHAHHHHHHBA--AHHKAHHBBHHHHABAHHHHBBHHHAHBHAHBHHHAHAAABHHHHAHHAAAHHAAAHHAHHHAAHAAAAH 
BNL10.06 HHAAHKAHHHHHHBAHBAHHHAHHBBHHHHABAHHHHBBHHHAHBHAHBHHHAHAAABHHHHAHHAAAHHAAAHHAHHHAAHAAAAH 
BNL7.71 BHAAHHAHHHHHHBAHBAHHHAHHBHHHHHABAHHHHBBHHHAHBHAHHHHHAHAAABHHHHAHHAAAHHAAABHHHHHAHHAAAAH 
BNL5.71 HHAHHB-HHHHHHBAHBAHHHHHHBHH-HHABH-A-HBBHHHAHHHAHHHAHHHH--H--HH--HHHAHHHHHBBHBHHHHHAAAAH 
UMC51 BAAAHBHHHBHHHBHHBAHHHAHHBHHAHHABAHAHHBHHAHHHHHHAHHAHHABAHHAHHHBHHAAHHHHHBBHHHHHBHHHAHAA 
UMC68 HAAAHBAHABBHBBHHHAHHBAAHBAHHHBHBHHAHHBHHAHHHBBBHHHAHBHHAHHAHHHBHAAHHNAAAHBHBABHHHBHABHH 
UMC104 BAHBHHAHABBKBBHBSAHHHAHBHAHHBBHHBHAAHBABABHBBHBHBAAHBHAHBHAH---HAHHHBHBHHHHBABHHHHHABHH 
PH110.17 BAHBHHABABHHBBHBHABHHAHBHAAHBBHHBHAAHBABAH-BBHBHBAAHBHAHBBAHHH-HAHHHBHBHHHHBABHHHHHAB-H 
UMC85 HHAHBHBBHBHHHHHBHHHHHHBHBHHHHABABHHBABHHBH-AHAHBAHBBBBHBHHBHAHHBHHHBHHABHAAAHHBAHHHBBAA 
PL1 BHAHBBBBBBBHBHHHBBHAAHBHBAHHHABBHHHHABHHBHBABAHBHHHBBBHBHHAHAA-BHHBB-BHBHAHABABAHHHHBHA 
UHC21 BHAHBHBBBHHABHHHBBHHHHBHBAHHHABAHHHHABHHBHHABAHBHHHBBBHBBHHBAA-BHHHBHBABHAHAHHHHHHHABHH 
BNL3.03 BHAHBHBBBHHHBHHHHBHHHHHHBAH-HHHAHHHHABHHBH-ABAHBHHHHBBHBBAHBAA-BHHHBHB-BHAHAHHB--HAABHH 
NPI560 BHAHBHBBBHHHBHHHHBHHHHHHBAHHHHHHHHHHABHHBAHABAHBHHHHHBHHBAHBAAHBHHHBHBHBHAHHHHHHHHAABHB 
ISU5 BAHBBHBBHHHBBHHHBBHHHBHHBAAAHHHHHBHHAAHHBH-AHAHBHHHAHBHHBAHBAAHHHHHBHBHHBHHHHHHHHHAABHH 
NPI280 HHHBBABHHAHBBBHHBBHHHBHBBHAAHHHBHBAHAAHHHHHAHAHBHHHAAHHHBBHHHHBHHAHBHBHHBHAHHHHHHBHAHHH 
UHC62 HHHHBABHHHHBBBBAHBHHHBHBBHAAHAHBHBAHAAHBHNABHBHBBHHHAAHAHBHHHHBBHHHBHBAHBHAHAHHHHBBAHHH 
BNL15.40 BHBBBBHHHHHHHHHAHBAHHHHHBHBBHAHHHHHHBAHHHHHBBABABHHBHHHHABHBHHBHHABHHHBBHAABBHHHHABABHH 
UMC116 BHB8HBHHAHHHHHHAHHAHHHHHBHBHHAHHHHBHBAHHHHNBHABAHHHBHBHAAHHBHHBHHABHHBBBHHABBHHBBABABHH 
BNL15.21 HHABHHHHHHHHHHHAHAAHHHHHBHBHHAHHHHBHBAHHAHHBHABAHHHBABHAABHBHH-HHABHHBBHHHABBHHBBABABHH 
UHC110 HHABHHHBHHHHHHHAHHAHHHHHBHBHHAHHHBBHBAHHHHHBHHBHHHBHHBHAHBHBHHBHHAHHHBBHHHABBHHBBAHABHH 
BNL13.24 HHABHHHBHAHHHHHAHHHHHHHHBHBHHAHHHBBHBAHHHHHBHHBHHHBHABHAHBHBHHBHHAHHHBBHHHABBHABBAHABHH 
BNL8.37 HHABHBHBHHAHAHHAHHBHHBHHHHBHHAAHHBBHBAHHHHHHHBBHHHBHABHHHBHBBH-HHAHHHBHHHBAHBHABBBHHBKH 
BNL14.07 HHASHBHBHHAHAHHHHHBAHBHHHHBHHBBHHBB-BAHHHHHAHBBHHHBHHBHHABHBBHHHNAHHHBHHHBAHBHABBBHHBHH 
BNL8.39 HHABHBHBHHAHAHHHAHBAHBHHHHBHHBBHHBBHBHHAAH-AABBAHHBHABHHABHHBHHAHAHHHBHHHBAHBHABBBHHBHH 
dek326 HHABHBHBHHAHAHHHHHBHHBHHHHBHHAAHHBBHBAHHHH-AHBBHHHBHABHHAHHBBHHHHAHHHHHHHHAHBHABBHHHBHH 
UMC80 HAHHHBHBHHAHABHHBHBHHBHHHHBHHAAHHHBHBHAAAH-AABBAHHBHHHBHABAHBH-AHHAHHBHAHBAHBHHHBBAHHHA 
BNL16.06 HHBAHBHBAHAHABHHBHBAHBHHHHBHHAAHHHHHBHAA-H-AABBHHHHHHHBHAHHAB--AHBABHB-AHBHHBHHHBBAHHHA 
NPI220 HHHAHHBHAHHBHHHHBHHHHHHHBHAHAHHHHBA-BAAHAHHHHKBAHHHHHHBHHBHAHAHAHAHHHABHHHAHHBHHHBABHHB 
UHC103 HHBHHBBSHHABBHAHBAAH6HAABHHHHAAHHBAHBHHHHHHHHHBAHHAAHABHHAHAHHHAHHHHAABBHAAAAHHHHBAHBHB 
BNL9.44 HBBHHHBBHHAHHAA--AHABHAHHAHAHAHHHBABHHBBHAHABHHHBHHAHABHAAHAAHHABAHBHABBAAAAAHHHAHAHHHH 
BNL9.08 ABBHHHBBHHAHHAAABAHABHAHHAHAHAHHHBABHHBBHAHHBHHHHHHAHABHAAHAAHHABAHBHABAAAAAAHHHAHAHHHH 
BNL7.08A ABBHHNBBHHAHHAA--AHABHAHHAHAHAHBHHABHHBBHA-HBHHHBHHAAABBA-BBAHAABAABBHBAAAAAAHHBAHAHABH 
BNL8.26 ABBHHHBHAHAHBAAABAHAHHAHHHAAHHHBBHHBHHBHAAHHBHHBHHHAAAHHAAHHAHAABAABHABAAAAAHAAHAHAH-BH 
UMC89 HBBHHHBHAHAHBAAABAHHHHAHHHAAHHHBBHHBHHBHHAHHBHHHHHHAHAHHAAHHAHAABAABHABAAAAAHAHHAHA--BH 
NPI268 HHHHHHBHHHAHBAHHBBHHHBAHHAAAHAABHHHHH-HHHHHAHHAHHABHAAHHAAHHAAAHBAABHABHHAHAHANHHHAHABA 
UMC70 HABBHBHBBAHHHHBHHHAHABHHHHABHHHHBHHHBHBHABBABBBHHHAAHBHABHHBHH--HAHAHHABHHHAHAHHBAHA-AH 
PI010.5 HABBHBHBBAHHHHBHHHAHABHHHHABHHHHBAHHBHBHABBABBBHHHAHHBHAHABBHH-HHAHAAHABHHHAHABHBAHA-AH 
Ç1 BAAHHBHBBAHHHHBHHHAHHBHHHHAHHHHHBAHHBHBHABBAB6BHHHAHHHHAHAHBHHHA-AHAHBAHAAHAHABHHAHABAH 
BNL3.06 HAAHHAH-B-AHBHHAAHHHHHHHHBAAAAHHHHA-BHHHHBBBHBBHBAAHHAHHAHBABHB-HHHAHBHHAAHAHHHHHAHA-AA 
UMC20 HHAHAAHHBHAHHHHAAAHHHHHHHHAAHAHHHHAHBHHHHBBBHHHHBAAHHAHHAHBAHHBAHHHAHBAHAAHAHHHHHHHAHAA 
UMC81 HHAHAAHHBHAHHHHAAA HHHHAAHAHHHHAHBHHHHBBBHHHHBAAHHAHHAHBABHBAHHHAHBAHAAHAHHHHHHHAHAA 
UMC153 HHAHAAHHBHAHHHHAAAHHHHHHHHAAHANHHHAHBHHHHBBBHHHHBAAHHAHHAHBABHBAHHHAHBAHAAHAHHHHHHHAHAA 
UHC114 HHAHAAHHBHAHHHHAAAHHHHHHHHAAH-HHHHAHBHHHHBBBHHHHBAAHHAHHAHBABHBAHHHAHBAHAAHAHHHHHHHAHAA 
BNL8.17 --HBAAHH---HHHHAAAHA--HHHHAAHAH--BAA8HHAAA-BAHHBBAHHHAHHABBABB-ABHHA-B-HHAHAHHHHBHHABAA 
BNL14.28 HHBHHAHAHHAHHHBAAHHHHHHHAHHAHAAHHBBHHHAHHBBBHAHHBHHHAAAAHHBHHH-HBHHBAAAHHHHHHHHHBHBHAHH 
BNL10.17 HHHHAAAHBBHAHHHHBHHHBHHHBHHHHHHHAHHBAHHAAHBHBBAAAHBBAAAHBAAAAA-AHBHBAHHBBBHAHABHBAHBAHH 
PI020.0075 HHHBAAAHBBAHHHHBBHHHBHHHBHHHHHHHAHHBAHHAAHB-BHHAAHHBAAAHBAAAAAHAHBHBAHHBBBHAHHBHBAHBAHH 
UMC64 AHBHABHHBHAHHAHBHHBHAHBHHHHHHBHBHBHABHBAAA-HAHHHHHAHAHBBHHHHHHHHHHHBBBHAHBHABHHHHHHHBHH 
NPI303U AHHHABHHBHAHHAHBHHBHAHBHHHHHHBHBHBHABHBAAAHHHHHHHHAHAHBBHHHHHHHHHHHBBHHAHBHABHBHHHHHB-H 
PI010.33 AHHHABHHBHHHHABB-BBHA-BHHHHHHBHBHBHABHBAAAHHHHHHHHAHAHBBHH-HH---HHHBBH-AHBHABHHHHHHHBHH 
PI010.16 AHHHABHHBHHHHABBHHBHAHBHHHH-HBHBHB-ABHBAAA-HHHHHHHAHA-BBHHHHHHHH--HBBH-AHBHABHBHHHHHBBH 
NPI232 ABHHABHHBHAHHABBHHBBAKBHHHBHHBHBHBHABHBAAAAHHHHHHHAHAHBBHHHHBH-HHHHBBHHAHBHABHBHHAHHBHH 
NP1287B HBHHABHHH-AHBABHH--H--BHHH6HHHHBHBH-BHBAHABAHKAHHHAHAHBHHHHHBAHHBHHHBB-AHBHHHHHHHAHHHHH 
NPI250 HHHA AHH-HH-H---HHHHHHAAHH--BABHHHAH--AHHHBH-HHHBBH-BHAAHH--HAH-ABBAHHA-HABB-BBHB 
PI020.0042 BAHHHHAHABBHBBHBBAH--AHBHAHHBBHHBHAA-BA-AH-BBHBHBAAHBHAABHAHH--H-HHHBHBHHBHBABHHHHHABHH 
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BA8A-HAHBHBHHHHBHHHBABHHBHHHHHHHBHHHAHAHHHHHHAHABABHHBAHHAHHBHHBHHHHHAHAAHHHHABHBA 
BABAHHAHHHBHHHHBHHHBABAHBHHHHHHABHHHAHAHHHHHHAHABABHHHAHHAHHHHHBHHHHHAHAAHH8HABHBA 
BABAHBAHBHBHBHHBHHBBABAABHHHHKSABHHHAHABHHHAHHHA3ABAH3HHHAHHHAABHBHHHAHAAHHBHABHBA 
BABAHBAHBHBH8HHBHHBBABAABHHHHHBABHHHAHA8HHHAHHHABABAHBHHHAHH-AABHBHHHAHAAHH8HABHBA 
BABAHBAHBHBHBHHBBHBBABAABHHHHHBABHHBAHABHHHAHHHABA8AHHHHHAHHHAH8HBHHHAHAAHHBHAHHBA 
BABA-BHHBHBHBAHBBHBBHHHHBBHHHHBABHAHHHHBHHHAHHHABABABAAHHHAH-AHBHHHHHAHAAHBHHHHHBH 
BHHHBBHBHHBBBAHBHABBAAHHBBAHAASABAAHHHHHH8ABHABAAABABHHBAHAHHHHAHHAAHAHAHABHKBHHBH 
BHHHABHBHAA68HHHBABHHAHHBBAHAAB-HAAHHHA8HHAAHABAHABAHBH8HAABBHHAHHAHHAHAHABHHHHHBA 
BHHHABAHHAAHBBB6HABAHBHHHBBHAAHHHAHAHBAHAHABBAHAHABAHHHHBAAHBHHHHBBHHBHAHAAHBHHBBA 
BHHHABAH-AA-HBHBHHBAHBHHHBBHAAHHHAHAHBAHAHHHBAHAHABAHHHHBAAHBHHHHBBHHBSAHAAH8-H--A 
AAHHHHHBBHHHBHBBHAHHKHHHBBBABBHHAHHAHBHAHHBHBHHBBHHHHAAHBHHHBHHAHHBBHHHHHAHHHAHAHH 
-KBH-HHBHH-HAH-BAABHHBHHBHBABBAA-BAHHBHABHAH-AHBBHHBHABHHBHHBHHASABBHHAHHHHHAAHHBH 
HBHHHBABHHHBAHHHAHBBHBBHBABABBAAABAHHBHABHAHHHHBBHBBHAHHHBHHBHHABABBHHAHAHHHAAHHBH 
-B-A-BABHHH-AHHHAHB8HBBHBAHABBAAABAHHBHHBHAHHAHBBHBBHAHHBBHABHHABABBHHAHABH-AHH--H 
ABAAHBABHHHBAHHHAHHBHBBHHANABBAAABAHHBHHBHHHHAHBBHBBHHHHBBHAHHHABABBHHAHAHHHAAHHBA 
ABAABBHBHHHBBH-H---BHHBHHHAABHAAAHHHHAAHBHBHHAHBHABBHHH-HBHH-HHAHHBBHHAAA-HHAAHH--
ABHHBHHBHHABBHHHHHHHHHBBHHHHBHAAAHBHHAAAHHBBHHABAAABHHHHHBBHHHHAHHHHHAAAAHHHHAHBBA 
AHHHBAHBBHAABAHBAHHHAHHBHHHHBAAAHHBHHAAHHABBAHHHAHAHHHAHHHBBHHHAHHHAHHHAAHHHHHHBBH 
HHHAHHAAABBAHBHHHHHHHHHAHHHHHBHHHAAHHHAHABHHHAHHBHHAHHHHHHHAAAHAHABBHBAHHHHHBHHBHB 
-HHHAAHHAABBHHBH8HHHHHHAHHHH--HHHAAHHHAHABHHHAHHBBHAHHHHHHHAHAAAAA8BHBAHHHHH8HHBHH 
HHHAAHHAAHBHHBHBHHHHHHHAHHHHBBHAHAAHHHAHABBHHHHH8BHAHHHHHHHAHHHAAABBHBAHHHBHBAHBHH 
HHHHAHHAA-BHHHHBHHBHBHHAHAHAHBAAHHAHHAAAABBHHHHHHBHAHHHHHHHHHHHAAHB8HBHHHABA8AABHH 
HHHHAHHAAHBNHHHBHHBHBHHAHAHAHBAHHHAHHAAAABBHHHHHHBHAHHHHHHHHHHHAAHBBHBHHHABABAABHH 
HHHHABHAAHBHHHHBHHBHHHHAHAHAHBAHHHAHHAAAABBBBHHHHBHABHHHAHHHAHHAAHBBHBHHHABHBAAHHH 
HHHHABHAAHB-HHHBHHBHHHHAHAHAHBAHHHAHHAAAABBBBHHHHBHABHHHAHHHHHHAAHBBHBHHHABKBAAHHH 
HHAHABBAAHBAHHHBHHHHHHHAHAHAHBAAHHAHHAAAABBBBHHHHBHHBHHHAHHHHHHAAHBBHBHHHABHBAA—H 
BHAHAHBAAHBHHHHBHHHHHHHAHAHAHBAAHHAHHAAAABBBBHHHHBHABHHHAHHHHHHAAHBBHBHHHAHHBAAHHH 
HHHH-BBHHHBHHHHHHHAHHAHAHAHBHBAHHHBHA-H-AHBBBHBHBBHHBHBHHHHHBBAAAHBKHHHHHABHHAHHBH 
HHHH-BHAHHBBHHHHBHAHHAH-BAHBHBAHHHBHBAAAAHHBBHBHBHHHBHHHHHHHBBHAHHBHHB---ABHHAAH-H 
BHAAHHH-KAHBHAHAHHHBHABHHHHBHABHAHHHHHHHBHHHBBBHHHHHHHAHHBHHBHHHAH--HHHAABA-B-HH-H 
BHAABBHHAAHHHAHABABBAABHHHHBHBBBAHHBHHABAHBHBBAHHHHHBHAHHBHHHHHBAHHHBAHHHBHHHHHHHA 
AHHHBBHHHHHHHHAABHABAABHHABBHBBBBHHBHBHBAHHHBBAHHHBHAHHHHHHHAHHBAHAHBHHHHHHHHHHAHH 
AHHHBBHHAHHHHHAABHHBAABHHABBHBHABHHBHBHBAHHHBBABHHBHAHHHHHHHAHHBAHAHBHHHHHHHHHHAHH 
HHHH-BHAAHHHHHAABBHBAABHHABBHBHHBHBHABH8AHHHBBAHHHBBAHHH-HHH-BHHAB-BBHHHHHHHA-H--H 
AHAHBBAAAHAHHBAABHHBAAHHHHHBHHHAHHBBABABAHHHHBABHHBAHAHHHHHHABHA-HABBHHH-HHHABH-HH 
AHAHBBAAAHAHHBAABHHBAAHHHHHBKHHAHHBBABABAHHHHBABHHBAHAHHHHHHHBHAHHABBHHHAHHHABH---
AHAHAHHAHHHAHB--BHHHAAHHHHHBHAAAHHHBAHABAHBAHBHBHAHHHHBHHBHH-BHHHBHHBHAHAHBHABBBBH 
BHHH-AABBHHAHHHBBBBBHAHHKBBBHHABBHHABHBBHBHAHHHHHHHBBBB6BA---HHBHB6A6BHHAABHH-HHAH 
-HHH-AABB-HAHHHBBBBBHA-HHBBBBHAHBHHABHBB-BHAHHHHHHHBBBBBBABHABHBHBBABBHHAABHHBHHAB 
HHHHHAABBHHAHHHBBHBHBAHHHBBBHBAHHHBABHBBHBHAHAHHHHHBBBBHBHHHHHHBHHHH8BHHAABHBBHHA8 
AHHH--HBHBHBBABB6ABABAHBHHBBHBHHHHAHHHBHBHHAHHHAHAAHHBHHBHHHBBBBBHHHBHHHHAHHBBHHHB 
AHBHHAHBHBHBHABBBABABHHBHHBHHHH-HHAHHABHHHHAHHHAHAHHHHAHBHNHBBHHBHHHBHHHHAHHHBHHHB 
AHBHHAHBHBHBBABBBABABAHBHHBHHHHHHHAHHABHBHHAHHHAHAHHHHAHBHHHBBHHBHHHBHHHHAHHHBHHHB 
AHBHHAHBH8HBBABBBABABHHBHHBHHHHHHHAHHABHBHHAHHHAHAHHHHAHBHHHHBHHBHHHBHHHHAHHHBHHHB 
AHBHHAHBHBHBBABBBABABHHBHHBHHHHBHHAHHAHHBHHAHHHAHAHHHHAHBHHHBBHHBHHHBAHHHAHHHBHHHB 
-AS BABBBA-AB B--HH-HHAHHAHHBHHAHHAAHAAHHBHABHHHBBBHBHHBBAHHHAB-H-H---
HABABHHBBHH-HABHHABAHBBBHHHBBHA-HBAHHHAHHBBHHHHAHAAHAHHH8HHHBHAH-HHAHABHAHAH8BB6HH 
HH-AABBAHHABAAHAHHAHBHAHHHHBHABHABBABBHHHBHBHAHHABAHHHBBAHHBBAHHAHHBAHAHBAAHHAHBBA 
HHBAABBAHHAHAAHHKH-HBHHHHHABHABAAB6AHBBHHBABHAHHABHBHHHHAHHH-AHHAHHBAAAHBAAHHAHBBA 
HHHABBHHHBHHHHHBABBHHHAHHBAHAHBAHABAHBBABHAHAAAA-BHBBA-H-H-HHHHHHBHHAHHKBHHHA-AHHA 
HBHABBHHHBHHAHHBABBHHHAHHBAHAHBAHABAHHBABHAHAAAAHBHHBAAHAABHHHHHHBAHAHHHBHHHABAHHA 
HHHA-BHHHB--AHHBAH-HHHAHHBAHAHBAHABAHHBAB--HAAAAHBHHBAAHAABHBHHHHBAHABHHHHHHABAHHA 
-HHA-BHHHBHHAHHBABBHHHA--BAHAHBAHABAHHBABBAHAAAAHBHHBHAHAABH-HHHH-AHA HHABABBA 
HHHA-BHHHBHHAHHBABBHHHAHHBAHAHBAHABAHHBABHAHAAAAHHHHBHAHAABHHHHHHBAHAAHHBHHHABAHHA 
BHHA-BHHH6BHAHHBABHHABAHHHAHABHHAABABHBHHHAAHAAABHHHBHHBAABH-BBBHBAHHAHHBHHHABHH--
BBBB-ABBHHHH--HHH--H-HAHHHHAAHHHBHAHAA-H-AHH-H-BAAHHHH-H-HH--AHHHH HHA BB-
---HABA-HAA-BHBHHABAHBBBHBBHAAHAHAAAHHABAAABHAHAHABAHHHHBAAHB-HH-BB-HHHA-AHHH 
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Table A4. Chi-square analysis for goodness of fit (1:2:1 
ratio) for marker classes A, H, and B respectively 
at each probe locus. A represents homozygous for 
Mol7, B homozygous for B52 and H heterozygote. 
Classes C and D were not used. represents 
missing values. Probes are listed in the order they 
appear on the linkage map 
MARKER TYPE #A #B #C «0 #- F(A) F(B) CHI-SQ P>CHI-SQ 
BNL5.62 OBS 
EXP 
41 
42 
90 
85 
38 
42 
0 0 0 0.51 0.49 0.70 0.7051 
BNL12.06 OBS 
EXP 
39 
42 
91 
85 
39 
42 
0 0 0 0.50 0.50 0.85 0.6531 
MP1234 OBS 
EXP 
44 
40 
87 
79 
27 
40 
0 0 11 0.55 0.45 5.44 0.0660 
UMC11 OBS 
EXP 
43 
41 
89 
81 
30 
41 
0 0 7 0.54 0.46 3.84 0.1467 
UHC157 OBS 
EXP 
49 
42 
83 
84 
35 
42 
0 0 2 0.54 0.46 2.35 0.3096 
UMC67 OBS 
EXP 
42 
42 
76 
85 
51 
42 
0 0 0 0.47 0.53 2.88 0.2367 
NPI1429 OBS 
EXP 
35 
42 
90 
84 
42 
42 
0 0 2 0.48 0.52 1.60 0.4504 
UMC58 OBS 
EXP 
31 
42 
89 
84 
48 
42 
0 0 1 0.45 0.55 4.04 0.1329 
BNL7.08B OBS 
EXP 
45 
40 
79 
81 
37 
40 
0 0 8 0.52 0.48 0.90 0.6378 
UMC33 OBS 
EXP 
31 
41 
90 
83 
44 
41 
0 0 4 0.46 0.54 3.25 0.1970 
UMC23 OBS 
EXP 
31 
41 
93 
83 
41 
41 
0 0 4 0.47 0.53 3.64 0.1617 
UHC128 OBS 
EXP 
34 
41 
91 
82 
38 
41 
0 0 6 0.49 0.51 2.40 0.3008 
BNL15.18 OBS 
EXP 
37 
40 
83 
79 
38 
40 
0 0 11 0.50 0.50 0.53 0.7682 
SNL8.29 OBS 
EXP 
39 
42 
99 
85 
31 
42 
0 0 0 0.52 0.48 5.40 0.0672 
UMC53 OBS 
EXP 
38 
42 
81 
83 
47 
42 
0 0 3 0.47 0.53 1.02 0.5992 
UMC78 OBS 
EXP 
40 
42 
92 
85 
37 
42 
0 0 0 0.51 0.49 1.27 0.5307 
NPI287A OBS 
EXP 
45 
40 
84 
80 
31 
40 
0 0 9 0.54 0.46 2.85 0.2405 
UMC61 OBS 
EXP 
47 
39 
81 
79 
29 
39 
0 0 12 0.56 0.44 4.26 0.1191 
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MARKER TYPE #A #B #C #0 #- F(A) F(B) CHI-SC P>CHI-SQ 
UHC34 OBS 
EXP 
36 
42 
94 
85 
39 
42 
0 0 c 0.49 0.51 2.02 0.3634 
UMC131 OBS 
EXP 
37 
42 
94 
85 
38 
42 
0 0 0 0.50 0.50 1.93 0.3811 
ISU4 OBS 
EXP 
31 
42 
98 
84 
39 
42 
0 0 1 0.48 0.52 5.43 0.0663 
Agp2 OBS 
EXP 
29 
42 
100 
84 
38 
42 
0 0 2 0.47 0.53 7.45 0.0241 
NPI565 OBS 
EXP 
30 
40 
91 
80 
39 
40 
0 0 9 0.47 0.53 4.04 0.1328 
UMC5 OBS 
EXP 
35 
42 
84 
83 
47 
42 
0 0 3 0.46 0.54 1.77 0.4119 
UHC98 OBS 
EXP 
26 
40 
84 
80 
50 
40 
0 0 9 0.43 0.58 7.60 0.0224 
UHC88 OBS 
EXP 
28 
41 
84 
82 
51 
41 
0 0 6 0.43 0.57 6.61 0.0367 
BNL6.20 OBS 
EXP 
28 
41 
88 
81 
46 
41 
0 0 7 0.44 0.56 5.34 0.0694 
BNL8.15 OBS 
EXP 
40 
38 
82 
75 
28 
38 
0 0 19 0.54 0.46 3.39 0.1836 
UMC32 OBS 
EXP 
48 
41 
87 
82 
28 
41 
0 0 6 0.56 0.44 5.62 0.0601 
UMC121 OBS 
EXP 
53 
42 
82 
85 
34 
42 
0 0 0 0.56 0.44 4.51 0.1048 
UHC50 OBS 
EXP 
42 
42 
91 
85 
36 
42 
0 0 0 0.52 0.48 1.28 0.5271 
UMC175 OBS 
EXP 
44 
42 
86 
84 
37 
42 
0 0 2 0.52 0.48 0.74 0.6914 
UMC26 OBS 
EXP 
44 
41 
89 
82 
31 
41 
0 0 5 0.54 0.46 3.26 0.1963 
BNL5.37 OBS 
EXP 
46 
41 
84 
83 
35 
41 
0 0 4 0.53 0.47 1.50 0.4724 
UNCI65 OBS 
EXP 
46 
42 
85 
85 
38 
42 
0 0 0 0.52 0.48 0.76 0.6832 
UHC60 OBS 
EXP 
44 
42 
84 
84 
40 
42 
0 0 1 0.51 0.49 0.19 0.9092 
BNL15.20 OBS 
EXP 
44 
42 
83 
85 
42 
42 
0 0 0 0.51 0.49 0.14 0.9313 
UMC39 OBS 
EXP 
34 
40 
91 
80 
34 
40 
0 0 10 0.50 0.50 3.31 0.1909 
BNL1.297 OBS 
EXP 
44 
42 
92 
85 
33 
42 
0 0 0 0.53 0.47 2.60 0.2725 
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MARKER TYPE #A m #C #0 #- F(A) F(B) CHI-SQ P>CHI-SQ 
ISU1 OBS 
EXP 
40 
41 
88 
83 
37 
41 
0 0 4 0.51 0.49 0.72 0.6991 
UNCI 6 OBS 
EXP 
45 
42 
86 
85 
38 
42 
0 0 0 0.52 0.48 0.61 0.7382 
NPI457 OBS 
EXP 
41 
37 
71 
74 
36 
37 
0 0 21 0.52 0.48 0.58 0.7479 
UHC123 OBS 
EXP 
44 
42 
92 
84 
31 
42 
0 0 2 0.54 0.46 3.74 0.1543 
UHC31 OBS 
EXP 
37 
42 
92 
85 
40 
42 
0 0 0 0.49 0.51 1.27 0.5307 
BNL5.46 OBS 
EXP 
34 
42 
95 
85 
40 
42 
0 0 0 0.48 0.52 2.80 0.2472 
BNL15.27 OBS 
EXP 
38 
42 
84 
83 
44 
42 
0 0 3 0.48 0.52 0.49 0.7834 
NPI292 OBS 
EXP 
30 
38 
89 
76 
33 
38 
0 0 17 0.49 0.51 4.57 0.1020 
BNL7.65 OBS 
EXP 
31 
42 
99 
85 
39 
42 
0 0 0 0.48 0.52 5.40 0.0672 
UMC158 OBS 
EXP 
32 
42 
ICQ 
84 
35 
42 
0 0 2 0.49 0.51 6.60 0.0370 
UMC15 OBS 
EXP 
33 
39 
91 
77 
30 
39 
0 0 15 0.51 0.49 5.55 0.0625 
PI010.25 OBS 
EXP 
31 
42 
108 
85 
30 
42 
0 0 0 0.50 0.50 12.53 0.0019 
NPI203 OBS 
EXP 
30 
41 
101 
82 
32 
41 
0 0 6 0.49 0.51 9.33 0.0094 
BNL15.07 OBS 
EXP 
35 
42 
93 
85 
41 
42 
0 0 0 0.48 0.52 1.94 0.3784 
BNL8.33 OBS 
EXP 
33 
42 
103 
85 
33 
42 
0 0 0 0.50 0.50 7.67 0.0216 
BNL6.25 OBS 
EXP 
40 
42 
96 
84 
32 
42 
0 0 1 0.52 0.48 4.19 0.1230 
UHC90 OBS 
EXP 
48 
42 
89 
85 
32 
42 
0 0 0 0.55 0.45 3.43 0.1803 
UMC166 OBS 
EXP 
42 
41 
96 
82 
26 
41 
0 0 5 0.55 0.45 7.90 0.0192 
BNL5.02 OBS 
EXP 
41 
42 
99 
84 
27 
42 
0 0 2 0.54 0.46 8.06 0.0178 
JC162 OBS 
EXP 
45 
42 
98 
85 
26 
42 
0 0 0 0.56 0.44 8.30 0.0158 
BNL7.43 OBS 
EXP 1 
49 
42 
87 
84 
31 
42 
0 0 2 0.55 0.45 4.15 0.1253 
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MARKER TYPE #A #H #B #C #0 #- F(A) F(B) CHI-SQ P>CHI-SQ 
BNL10.06 OBS 
EXP 
49 
42 
87 
84 
32 
42 
0 0 1 0.55 0.45 3.65 0.1608 
BNL7.71 OBS 
EXP 
46 
42 
91 
85 
32 
42 
0 0 0 0.54 0.46 3.19 0.2034 
BNL5.71 OBS 
EXP 
29 
39 
97 
79 
31 
39 
0 0 12 0.49 0.51 8.31 0.0157 
UMC51 OBS 
EXP 
44 
42 
89 
85 
36 
42 
0 0 0 0.52 0.48 1.14 0.5654 
UMC68 OBS 
EXP 
46 
42 
83 
84 
39 
42 
0 0 1 0.52 0.48 0.61 0.7382 
UNCI 04 OBS 
EXP 
40 
42 
78 
83 
48 
42 
0 0 3 0.48 0.52 1.25 0.5343 
PHI10.17 OBS 
EXP 
39 
40 
78 
81 
44 
40 
0 0 8 0.48 0.52 0.54 0.7649 
UMC85 OBS 
EXP 
28 
42 
96 
84 
44 
42 
0 0 1 0.45 0.55 6.48 0.0392 
PM OBS 
EXP 
32 
40 
75 
81 
54 
40 
0 0 8 0.43 0.57 6.94 0.0310 
UHC21 OBS 
EXP 
32 
42 
85 
84 
51 
42 
0 0 1 0.44 0.56 4.32 0.1152 
BNL3.03 OBS 
EXP 
32 
39 
77 
78 
47 
39 
0 0 13 0.45 0.55 2.91 0.2334 
NPI560 OBS 
EXP 
33 
42 
93 
85 
43 
42 
0 0 0 0.47 0.53 2.71 0.2586 
ISU5 OBS 
EXP 
32 
40 
89 
80 
38 
40 
0 0 10 0.48 0.52 2.71 0.2576 
NPI280 OBS 
EXP 
33 
42 
98 
85 
38 
42 
0 0 0 0.49 0.51 4.30 0.1166 
UMC62 OBS 
EXP 
37 
42 
93 
85 
39 
42 
0 0 0 0.49 0.51 1.56 0.4578 
BNL15.40 OBS 
EXP 
30 
42 
102 
85 
37 
42 
0 0 0 0.48 0.52 7.42 0.0244 
UMC116 OBS 
EXP 
31 
42 
99 
83 
36 
42 
0 0 3 0.48 0.52 6.82 0.0330 
BNL15.21 OBS 
EXP 
33 
42 
100 
84 
35 
42 
0 0 1 0.49 0.51 6.14 0.0464 
UHC110 OBS 
EXP 
30 
42 
103 
84 
35 
42 
0 0 1 0.49 0.51 8.89 0.0117 
BNL13.24 OBS 
EXP 
31 
42 
103 
85 
35 
42 
0 0 0 0.49 0.51 7.86 0.0196 
BNL8.37 OBS 
EXP 
31 
42 
98 
84 
39 
42 
0 0 1 0.48 0.52 5.43 0.0663 
120 
MARKER TYPE #A #6 #C #0 #- F(A) F(B) CHI-SC P>CHI-SQ 
BNLU.07 OBS 
EXP 
2; 
42 
97 
84 
41 
42 
0 0 2 0.46 0.54 6.06 0.0483 
BNL8.39 OBS 
EXP 
37 
42 
89 
83 
40 
42 
0 0 3 0.49 0.51 1.12 0.5700 
dek326 OBS 
EXP 
33 
42 
101 
84 
34 
42 
0 0 1 0.50 0.50 6.89 0.0319 
UMC80 OBS 
EXP 
31 
41 
94 
82 
39 
41 
0 0 5 0.48 0.52 4.29 0.1169 
BNL16.06 OBS 
EXP 
31 
40 
88 
79 
39 
40 
0 0 11 0.47 0.53 3.08 0.2149 
NPI220 OBS 
EXP 
29 
41 
105 
81 
28 
41 
0 0 7 0.50 0.50 14.75 0.0006 
UNCI03 OBS 
EXP 
40 
42 
90 
85 
39 
42 
0 0 0 0.50 0.50 0.60 0.7395 
BNL9.44 OBS 
EXP 
42 
42 
90 
84 
35 
42 
0 0 2 0.52 0.48 1.60 0.4504 
BNL9.08 OBS 
EXP 
45 
42 
91 
85 
33 
42 
0 0 0 0.54 0.46 2.57 0.2772 
BNL7.08A OBS 
EXP 
43 
40 
74 
79 
41 
40 
0 0 11 0.51 0.49 0.57 0.7533 
BNL8.26 OBS 
EXP 
54 
41 
79 
83 
32 
41 
0 0 4 0.57 0.43 6.29 0.0431 
UMC89 OBS 
EXP 
49 
41 
84 
82 
31 
41 
0 0 5 0.55 0.45 4.05 0.1321 
NPI268 OBS 
EXP 
45 
41 
91 
83 
29 
41 
0 0 4 0.55 0.45 4.67 0.0966 
UHC70 OBS 
EXP 
30 
40 
81 
81 
50 
40 
0 0 8 0.44 0.56 5.00 0.0821 
PI010.5 OBS 
EXP 
33 
41 
75 
81 
54 
41 
0 0 7 0.44 0.56 6.13 0.0467 
Ç1 OBS 
EXP 
33 
42 
90 
84 
45 
42 
0 0 1 0.46 0.54 2.57 0.2765 
BNL3.06 OBS 
EXP 
35 
41 
87 
81 
40 
41 
0 0 7 0.48 0.52 1.35 0.5100 
UHC20 OBS 
EXP 
37 
42 
103 
84 
28 
42 
0 0 1 0.53 0.47 9.56 0.0084 
UHC81 OBS 
EXP 
38 
41 
96 
83 
31 
41 
0 0 4 0.52 0.48 4.69 0.0956 
UHC153 OBS 
EXP 
37 
42 
102 
85 
30 
42 
0 0 0 0.52 0.48 7.42 0.0244 
UHC11A OBS 
EXP 
37 
42 
100 
84 
31 
42 
0 0 1 0.52 0.48 6.52 0.0383 
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MARKER TYPE #A #8 #C «0 #- FCA) F(B) CHI-SQ P>CHI-SQ 
BNL8.17 OSS 
EXP 
40 
33 
61 
66 
31 
33 
0 0 37 0.53 0.47 1.98 0.3707 
BULK.28 OBS 
EXP 
36 
41 
95 
83 
34 
41 
0 0 4 0.51 0.49 3.54 0.1703 
BNL10.17 OBS 
EXP 
49 
42 
77 
84 
41 
42 
0 0 2 0.52 0.48 1.77 0.4119 
PI020.0075 OBS 
EXP 
47 
42 
81 
83 
38 
42 
0 0 3 0.53 0.47 1.02 0.5992 
UMC64 OBS 
EXP 
33 
41 
94 
82 
36 
41 
0 0 6 0.49 0.51 3.93 0.1404 
NPI303U OBS 
EXP 
37 
42 
95 
84 
36 
42 
0 0 1 0.50 0.50 2.89 0.2354 
PI010.33 OBS 
EXP 
35 
39 
87 
78 
34 
39 
0 0 13 0.50 0.50 2.09 0.3517 
PI010.16 OBS 
EXP 
35 
38 
79 
76 
37 
38 
0 0 18 0.49 0.51 0.38 0.8263 
NPI232 OBS 
EXP 
39 
42 
90 
84 
38 
42 
0 0 2 0.50 0.50 1.02 0.5994 
NPI287B OBS 
EXP 
32 
40 
88 
79 
38 
40 
0 0 11 0.48 0.52 2.75 0.2560 
NPI250 OBS 
EXP 
26 
30 
72 
61 
23 
30 
0 0 48 0.51 0.49 4.15 0.1255 
PI020.0042 OBS 
EXP 
41 
37 
66 
74 
40 
37 
0 0 22 0.50 0.50 1.54 0.4629 
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Table A5. Single factor analysis of variance (SFAOV) calculations' for 
probe-locus genotypic class means for each trait**. *, ** and 
*** indicate significance at 0.05, 0.01 and 0.001 probability 
levels respectively. Probes are listed in the order they appear 
on the linkage map 
Number Severity Size 
PROBE P>F %R2 P>F %R2 P>F %R2 
BNL5.62 0.66  0.6 0.48  1.0 | j o .28  1.7 
BNL12.06 0.57 0.8  0 .68  0.5 Ijo.io 3.0 
NPI234 0.22 2.2 0.29 1.8 ||0.06 3.9 
UMCll 0.51 1.0 0.42 1.2 | j 0.06 3.9 
UMC157 0.005 7.0 ** 0.002 8.2  * *  j|0.03 4.6 * 
UMC67 0.14 2.7 0.12 2.8  | |o.52 0.9 
NPI1429 0.03 4.7 * 0.04 4.3 * | |o.53 0.9 
UMC58 0.09 3.2 0.08 3.4 0.57 0.8 
BNL7.08B 0.12 3.0 0.08 3.5 | o . 77  0.4 
UMC33 0.30 1.7 0.51 0.9 | o .23  2.0 
UMC23 0.89 0.2 0.79 0.3 |o.l8 2.3 
UMC128 0.29 1.7 0.57 0.8 0.34 1.5 
BNL15.18 0.06 4.08 0.19 2.4 0.14 2.9 
BNL8.29 0.09 3.2 0.14 2.7 0.74 0.4 
UMC53 0.15 2.6 0.11 3.0 0.72 0.5 
UMC78 0.35 1.4 0.56 0.8 0.16 2.5 
NPI287A | | o.62 0.7 0.76 0.4 0.17 2.6 
UMC61 ||0.70 0.5 0.69 0.5 0.12 3.1 
UMC34 0.80 0.3 0.83 0.3 0.20 2.1 
UMC131 j | o.83 0.2 0.66 0.6 0.23 2.0 
ISU4 | |o.37 1.4 0.50 0.9 0.11 3.0 
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Number Severity Size 
PROBE P>F %R2 P>F %R2 P>F %R2 
Agp2 0.40 1.3 0.58 0.7 0.31 1.6 
NPI565 0.78 0.4 0.87 0.2 0.28 1.8 
UMC5 0.99 0.0 0.87 0.2 0.10 3.1 
UMC98 0.78 0.3 0.74 0.4 0.016 5.8 « 
UMC88 0.74 0.4 0.91 0.1 0.048 4.2 # 
BNL6.20 0.58 0.8 0.85 0.2 0.38 1.4 
BNL8.15 0.68 0.6 0.70 0.6 0.37 1.6 
UMC32 0.78 0.3 0.94 0.1 0.20 2.2 
UMC121 0.34 1.5 0.49 1.0 0.81 0.3 
UMC50 0.92 0.1 0.93 0.1 0.72 0.5 
UMC175 0.88 0.2 0.59 0.7 0.59 0.7 
UMC26 0.39 1.3 0.88 0.2 0.047 4.2 * 
BNL5.37 
o
 
rH o
 3.2 0.25 1.9 0.22 2.1 
UMC16S 0.003 7.6 ** 0.07 3.6 0.21 2.1 
UMC60 0.013 5.7 * 0.16 2.5 0.043 4.2 * 
BNL15.20 0.0008 9.3 *** 0.0102 6.1 * 0,08 3.3 
UMC39 0.002 8.5 ** 0.009 6.6 "k it 0.47 1.1 
BNL1.297 0.01 5.9 * 0.07 3.7 0.052 3.9 
ISUl 0.0002 11.1 *** 0.0018 8.4 ** 0.094 3.2 
UMC16 0.0001 13.2 *** 0.0007 9.4 *** 0.011 5.9 
* 
NPI457 0.09 3.7 0.24 2.2 0.46 1.2 
UMC123 0.92 0.1 0.83 0.3 0.10 3.1 
UMC31 0.96 0.1 0.71 0.5 0.043 4.2 * 
124 
Number Severity Size 
PROBE P>F %R2 P>F %R2 P>F %R2 
BNL5.46 l0.70 0.5 0.55 0.8 0.054 3.9 
BNL15.27 | lo.23 2.0 0.31 1.6 0.11 3.1 
NPI292 | |o.l5 2.8 0.25 2.1 0.62 0.7 
BNL7.65 l lo.ll 3.0 0.18 2.3 0.48 1.0 
UMC158 |0.043 4.2 * 0.038 4.4 * 0.45 1.1 
UMC15 |0.20 2.4 0.15 2.8 0.33 1.6 
PI010.25 |0.065 3.6 0,07 3.5 0.053 0.9 
NPI203 |0.038 4.5 * 0.0538 4.0 0.47 1.1 
BNL15.07 0.35 1.4 0.47 1.0 0.21 2.1 
BNL8.33 0.018 5.3 * 0.024 5.0 * 0.83 0.3 
BNL6.25 0.012 5.8 * 0.017 5.4 * 0.42 1.2 
UMC90 0.0002 11.1 *** 0.0001 11.8 *** 0.99 0.0 
UMC165 0.01 5.8 * 0.002 8.4 ** 0.03 5.0 * 
BNL5.02 0.005 6.9 ** 0.0004 10.2 *** 0.013 5.9 * 
JC162 0.002 8.1 ** 0.0001 11.5 *** 0.018 5.3 • 
BNL7.43 0.026 4.9 * 0.003 7.7 ** 0.011 6.0 * 
BNL10.06 0.03 4.8 * 0.003 7.6 ** 0.0104 6.1 * 
BNL7.71 1 0.068 3.6 0.0086 6.3 «* 0.0006 9.7 *** 
BNL5.71 1 0.91 0.1 0.33 1.6 0.003 8.1 ** 
UMC51 1 0.06 3.8 0.12 2.8 0.0003 10.4 -k-k-k 
UMC68 1 0.66 0.6 0.98 0.0 0.018 5.4 •k 
UMC104 0.80 0.3 0.64 0.6 0.42 1.2 
PHI10.17 1 0.7 0.5 0.53 0.9 0.43 1.2 
125 
Number Severity Size 
PROBE P>F %R2 P>F %R2 P>F %R2 
UMC85 0.32 1.6 0.31 1.6 |o.52 0.9 
PLl 0.15 2.8 0.27 1.9 |o.68 0.6 
UMC21 0.19 2.3 0.28 1.8 jo. 65 0.6 
BNL3.03 0.19 2.5 0.29 1.8 | o . 4 6  1.2 
NPI560 0.65 0.6 0.74 0.4 |o.49 1.0 
ISU5 0.48 1.1 0.64 0.7 | o . 8 7  0.2 
NPI280 0.17 2.4 0.08 3.4 | o . 4 7  1.0 
UMC62 0.30 1.6 0.23 2.0 | o . 4 7  1.1 
BNL15.40 0.98 0.0 0.60 0.6 |0.023 5.0 * 
UMC116 0.36 1.4 0.08 3.5 0.0011 9.0 * * 
BNL15.21 0.02 5.2 it 0.0006 9.7 * * * 0.0006 9.7 "k it It 
UMCllO 0.02 5.3 it 0.002 8.2 ** 0.46 1.1 
BNL13.24 0.0099 6.1 ** 0.0009 9.1 *** 0.36 1.4 
BNL8.37 0.04 4.3 * 0.012 5.8 * 0.74 0.4 
BNL14.07 0.22 2.1 0.08 3.5 0.60 0.7 
BNL8.39 0.10 3.2 0.03 4.8 * 0.73 0.4 
dek326 0.21 2.1 0.11 3.2 0.72 0.4 
UMC80 0.047 4.2 * 0.055 4.0 0.76 0.4 
BNL16.06 0.24 2.1 0.17 2.6 0.34 1.6 
NPI220 0.31 1.7 0.27 1.8 0.13 2.9 
UMC103 0.90 0.1 0.66 0.6 0.15 2.6 
BNL9.44 0.16 2.6 0.052 4.0 0.018 5.4 it 
BNL9.08 0.03 4.5 * 0.009 6.3 ** 0.07 3.6 
126 
Number Severity Size 
PROBE P>F %R2 P>F %R2 P>F %R2 
BNL7.08A llo.oii 6.4 * 0.003 8.4 ** 0.50 1.0 
BNL8.26 ||o.l6 2.5 0.041 4.4 * 0.23 2.0 
UMC89 ||o.37 1.4 0.10 3.1 0.13 2.8 
NPI268 ||0.70 0.5 0.85 0.2 ||o.55 0.8 
UMC70 ||o.99 0.0 0.89 0.2 llo.io 3.3 
PI010.5 ||o.55 0.9 0.42 1.2 ||o.26 1.9 
CI 10.37 1.4 0.55 0.8 1 0.23 2.0 
BNL3.06 ||o.55 0.8 0.54 0.8 0.34 1.5 
UMC20 ||o.87 0.2 0.42 1.2 0.45 1.1 
UMCai 110.97 0.0 0.55 0.8 0.43 1.2 
UMC153 ||o.86 0.2 0.40 1.2 0.43 1.2 
UMC114 ||o.95 0.1 0.56 0.8 0.50 1.0 
BNL8.17 ||0.07 4.7 0.005 8.5 ** 0.78 0.5 
BNL14.28 ||o.37 1.4 0.31 1.5 0.54 0.9 
BNL10.17 llo.ie 2.5 0.08 3.4 0.14 2.7 
PI020.007 0.10 3,2 0.09 3.3 0.39 1.3 
UMC64 ||o.99 0.0 0.97 0.0 0.52 1.0 
NPI303U 1 0.55 0.8 0.60 0.7 0.54 0.8 
PI010.33 1 0.23 2.2 0.32 1.7 0.40 1.4 
PIOIO.16 1 0.50 1.1 0.67 0.6 0.57 0.9 
NPI232 ! 0.20 2.2 0.20 2.2 0.37 1.4 
NPI287B 1 0.39 1.4 0.30 1.8 0.69 0.5 
NPI250 0.046 5.9 it 0.15 3.5 [|o.io 4.4 
127 
Number Severity Size 
PROBE P>F %R2 P>F %R2 P>F %R2 
PI020.0042 0.42 1.4 0.73 0.5 0.10 3.7 
'Compiled from 342 individual analysis of variance tables, consequently 
only the probability of a greater F value (P>F) and the regression 
coefficient in percent (%R2) are shown. 
''Trait means for second assessment used only (day 117). 
Table A6. Plot means for disease' and agronomic traits. Of the 169 F23 lines used create the map, only 150 were used for replicated field 
tests (as indicated by pedigree''). See "Materials and methods" for more detailed description of traits 
Pedigree Entry Rep Set Number Severity Size Plant Grain Ear GOD to GOD to Stand 
- X - cm' 
height 
cm 
weight 
9 
number anthesis si Iking 
Check #1 - B52 1 1 1 2.697 4.506 9.166 195 785 12 20 
1 2 1 2.625 5.384 10.537 183 750 15 20 
Check #2 - M0I7 2 1 1 0.554 0.322 5.252 211 1530 17 17 
2 2 1 1.692 1.493 4.055 207 1260 17 20 
B52/Ho17 F3 # 001 4 1 1 0.125 0.271 16.575 220 1345 15 1051.388 1190.554 20 
4 2 1 0.600 1.1K 9.663 225 1640 15 1036.388 1135.554 19 
B52/Ho17 F3 « 002 5 1 1 1.000 1.762 12.649 209 1870 16 1073.332 1116.110 19 
5 2 1 2.625 2.849 7.307 216 1885 19 1073.332 1116.101 19 
B52/H017 F3 H 004 6 1 1 0.554 0.868 6.706 216 1760 20 1009.166 1063.888 19 
6 2 1 2.225 4.267 8.436 222 2100 20 1009.166 1025.055 17 
B52/Ho17 F3 U 005 7 1 1 0.340 0.807 13.499 202 1085 11 1063.888 1145.832 20 
7 2 1 0.625 0.729 6.340 211 1380 16 1036.388 1125.277 20 
B52/Ho17 F3 # 007 8 1 1 0.679 0.441 2.964 202 1355 15 1073.332 1135.554 20 
8 2 1 1.700 2.804 8.359 231 1935 20 1036.388 1104.721 19 
B52/H017 F3 # 008 9 1 1 0.268 0.115 2.491 206 655 10 1036.388 1116.110 20 
9 2 1 1.150 1.936 14.502 222 1535 16 1051.388 1135.554 20 
B52/Ho17 F3 # 010 10 1 1 0.197 0.454 15.456 215 1790 18 991.388 99'?.443 20 
10 2 1 1.800 3.306 15.604 200 2055 19 999.443 1007.166 20 
B52/Ho17 F3 # Oil 11 1 1 1.256 1.925 7.214 208 2160 18 1023.055 1091.666 19 
11 2 1 1.234 0.869 4.215 208 1875 20 1023.055 1091.666 18 
B52/H017 F3 # 012 12 1 1 0.590 1.076 12.170 216 1710 17 1036.388 1091.666 20 
12 2 1 0.500 0.399 4.822 220 1430 18 1051.388 1104.721 20 
B52/Mo17 F3 U 014 13 1 1 0.625 0.893 10.503 227 1090 14 1051.388 114!). 832 20 
13 2 1 2.825 3.595 8.324 238 835 7 1051.388 1145.832 20 
B52/Ho17 F3 # 015 14 1 1 0.143 0.117 5.589 215 875 11 1023.055 1051.388 20 
14 2 1 0.975 1.245 10.015 236 1650 16 1051.388 1091.666 20 
B52/Ho17 F3 # 016 15 1 1 0.036 0.057 9.143 190 1175 17 999.443 1091.666 18 
15 2 1 0.500 0.916 8.716 199 1680 18 999.443 1063.888 20 
B52/Mo17 F3 » 018 16 1 1 0.215 0.081 1.915 209 1510 18 1023.055 1063.888 19 
16 2 1 0.450 0.399 5.420 213 1830 19 1023.055 1063.888 20 
B52/Mo17 F3 # 019 17 1 1 1.250 1.524 5.217 239 1495 16 1051.388 1091.666 20 
17 2 1 2,300 3,083 8.412 233 1300 13 1023.055 1091.666 20 
B52/H017 F3 # 020 18 1 1 0.090 0,052 4.059 198 1415 15 999.443 1023.055 20 
18 2 1 0.525 0,382 4.466 208 2240 17 999.443 999.443 20 
B52/Ho17 F3 # 021 19 1 1 0.840 0,761 9.589 224 1905 19 1051.388 1091.666 20 
19 2 1 0,650 1,458 13.340 246 2230 18 1009.166 1051.388 19 
B52/Ho17 F3 n 022 20 1 1 0,643 0,913 12.880 240 1910 22 1091.666 1104.721 20 
20 2 1 0.700 0,980 7.694 235 1305 18 1082.499 1104.721 19 
B52/Ho17 F3 U 023 21 1 1 0.036 0,148 28.424 202 1975 18 1073.332 1168.610 20 
21 2 1 0.525 0,625 7.619 211 1685 18 1091.666 1157.221 20 
B52/H017 F3 U 024 22 1 1 1.179 1.430 8.342 224 850 11 1009.166 1009.166 18 
22 2 1 2.350 2.570 7.887 238 1970 18 1023.055 1063.888 20 
B52/Ho17 F3 # 025 23 1 1 2.370 4.083 11.830 224 
23 2 1 3.450 7.432 12.505 205 
B52/H017 F3 U 026 24 1 1 1.018 1.411 6.067 212 
24 2 1 2.959 3.320 5.811 224 
B52/H017 F3 # 027 25 1 1 0.072 0.039 2.912 205 
25 2 1 1.475 1.596 5.934 196 
B52/H017 F3 # 028 26 1 1 0.143 0.506 21.397 225 
26 2 1 1.300 1.122 5.106 223 
B52/Ho17 F3 n 029 27 1 1 0.530 0.501 8.954 222 
27 2 1 2.275 2.284 7.873 240 
B52/Ho17 F3 # 030 28 1 1 0.643 0.760 6.018 193 
28 2 1 0.275 0.329 6.961 221 
Check #1 - B52 29 1 2 1.411 4.517 11.631 214 
29 2 2 0.800 1.623 8.676 198 
Check #2 
- Ho17 30 1 2 0.322 0.284 4.567 222 
30 2 2 1.425 1.610 4.659 214 
B52/Mo17 F3 # 031 32 1 2 0.096 0.201 10.077 233 
32 2 2 1.450 1.827 5.742 212 
B52/M017 F3 u 032 33 1 2 0.250 0.287 5.219 234 
33 2 2 0.950 1.079 7.275 253 
B52/H017 F3 « 033 34 1 2 1.643 1.854 4.866 211 
34 2 2 5.017 5.133 5.545 215 
B52/Ho17 F3 n 034 35 1 2 3.614 5.288 8.713 215 
B52/Mo17 
35 2 2 (4.432) (6.126) (6.606) 221 
F3 « 035 36 1 2 1.250 1.549 10.844 224 
36 2 2 3.034 3.996 0.028 218 
652/H017 F3 u 036 37 1 2 0.590 0.709 8.102 221 
37 2 2 2.225 3.354 8.513 219 
B52/Ho17 F3 u 037 38 1 2 2.608 2.751 6.081 220 
38 2 2 2.000 2.310 5.618 231 
B52/M017 F3 # 038 39 1 2 0.870 1.610 12.572 186 
39 2 2 1.300 1.582 6.929 176 
B52/H017 F3 # 039 40 1 2 0.679 1.535 9.997 243 
40 2 2 4.350 7.298 9.279 222 
B52/Ho17 F3 It 040 41 1 2 0.840 1.454 15.390 233 
41 2 2 2.400 2.841 7.884 224 
B52/H017 F3 « 041 42 1 2 0.268 0.393 8.043 229 
42 2 2 0.550 0.731 7.861 230 
B52/Ho17 F3 n 042 43 1 2 0.375 0.642 5.767 254 
43 2 2 0.550 0.634 7.318 238 
B52/H017 F3 # 043 44 1 2 0.786 1.265 10.778 214 
44 2 2 0.900 1.448 10.707 226 
B52/H017 F3 n 044 45 1 2 0.572 0.465 4.252 240 
45 2 2 1.975 2.774 7.967 225 
B52/H017 F3 u 045 46 1 2 0.858 1.959 19.647 241 
46 2 2 1.025 1.255 5.201 213 
B52/M017 F3 n 046 47 1 2 0.179 0.322 17.040 229 
47 2 2 0.900 1.036 5.756 223 
B52/H017 F3 n 047 48 1 2 2.786 3.615 4.688 230 
48 2 2 1.725 2.761 9.285 209 
1350 16 1091.666 1214.999 
1015 13 1104.721 1239.443 
2515 19 1073.332 1135.554 
2135 19 1023.055 1104.721 
1700 18 1009.166 1009.166 
1765 17 1023.055 1051.388 
1315 15 1023.055 1091.666 
1420 17 1023.055 1104.721 
1315 18 1036.388 1051.388 
2320 21 1036.388 1063.888 
1410 16 991.388 1036.388 
1255 17 1009.166 1051.388 
930 14 
950 12 
1790 20 
1650 21 . 
2195 20 1023.055 1073^332 
2355 20 1023.055 1051.388 
1385 21 1104.721 1168.610 
1435 17 1082.499 1157.221 
1765 20 1023.055 1063.888 
2130 19 1009.166 1036.388 
1180 15 1051.388 1051.388 
1775 18 1009.166 1023.055 
2015 19 1036.388 1116.110 
2030 20 1036.388 1063.888 
1970 19 1063.888 1104.721 
2040 21 1036.388 1073.332 
1735 19 1051.388 1063.888 
1890 21 1036.388 1063.888 
1165 17 1063.888 1203.610 
915 11 1036.388 1125.277 
1545 18 1063.888 1145.832 
1490 15 1063.888 1125.277 
1845 18 1023.055 1091.666 
1545 15 1063.888 1145,832 
2450 20 1023.055 1073.332 
2000 19 1023.055 1091.666 
1885 19 1051.388 1116.110 
1895 19 1051.388 1135.554 
1780 23 1063.888 1091.666 
1720 22 1036.388 1091.666 
1400 17 1023.055 1073.332 
1590 20 1036.388 1091.666 
1335 18 1073.332 1145.832 
1075 18 1063.888 1233.332 
1855 19 1036.388 1091.666 
1355 17 1036.388 1104.721 
2190 21 1023.055 1063.888 
2130 19 1023.055 1036.388 
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B52/H017 F3 « 048 49 1 2 0.733 0.828 4.812 207 
49 2 2 0.700 0.548 4.148 217 
B52/Mo17 F3 049 50 1 2 1.411 2.475 10.435 217 
50 2 2 2.575 5.446 11.343 213 
B52/H017 F3 a 050 51 1 2 0.054 0.083 11.322 220 
51 2 2 1.325 1.469 5.626 211 
B52/H017 F3 051 52 1 2 0.786 0.885 8.041 191 
52 2 2 1.384 1.139 4.672 197 
B52/H017 F3 052 53 1 2 0.018 0.041 15.520 233 
53 2 2 0.700 0.617 7.126 225 
B52/H017 F3 # 053 54 1 2 0.090 0.060 3.793 219 
54 2 2 0.850 0.765 5.531 203 
B52/Ho17 F3 n 055 55 1 2 3.286 6.020 9.300 187 
55 2 2 2.275 3.027 6.382 197 
B52/Ho17 F3 « 056 56 1 2 0.179 0.098 2.997 225 
56 2 2 1.834 1.408 3.941 218 
Check #1 - B52 57 1 3 1.560 1.478 9.906 186 
57 2 3 2.975 6.524 9.967 190 
Check #2 - Hoi 7 58 1 3 0.358 0.233 3.196 196 
58 2 3 1.375 1.628 5.091 210 
B52/H017 F3 u 058 60 1 3 2.108 2.616 5.867 208 
60 2 3 10.584 17.520 8.809 212 
B52/Ho17 F3 n 059 61 1 3 1.590 1.160 4.115 184 
61 2 3 6.025 8.793 7.492 191 
B5Z/H017 F3 # 061 62 1 3 0.625 0.756 4.987 207 
62 2 3 2.800 5.996 9.738 211 
B52/Ho17 F3 u 062 63 1 3 0.108 0.219 7.504 224 
63 2 3 3.234 4.748 6.600 233 
B52/Ho17 F3 n 063 64 1 3 1.840 2.297 8.619 222 
64 2 3 5.275 9.872 11.170 222 
B52/H017 F3 « 065 65 1 3 1.405 1.783 7.561 221 
65 2 3 2.625 5.703 11.200 210 
B52/Ho17 F3 u 067 66 1 3 0.250 0.443 14.760 213 
66 2 3 3.975 5.389 9.296 220 
B52/H017 F3 # 069 67 1 3 1.483 1.367 6.673 185 
67 2 3 2.925 3.047 7.817 199 
B52/H017 F3 # 070 68 1 3 0.250 0.189 4.499 199 
68 2 3 8.859 15.918 8.490 200 
B5Z/H017 F3 u 071 69 1 3 0.161 0.079 2.511 222 
69 2 3 1.625 2.946 8.949 232 
B52/Ho17 F3 it 073 70 1 3 0.197 0.250 9.855 185 
70 2 3 1.175 1.548 6.026 201 
B52/Ho17 F3 # 075 71 1 3 0.018 0.010 2.804 199 
71 2 3 1.100 1.808 8.717 202 
B52/Ho17 F3 « 076 72 1 3 1.018 0.825 3.837 193 
72 2 3 3.200 4.610 7.448 237 
B52/Ho17 F3 # 077 73 1 3 0.447 0.676 11.564 202 
73 2 3 2.250 3.232 6.283 205 
B52/H017 F3 u 078 74 1 3 0.286 0.410 5.654 187 
74 2 3 4.050 6.717 6.992 197 
1330 17 1036.388 1145.832 
1380 16 1036.388 1116.110 
1255 14 1091.666 1168.610 
1135 15 1063.888 1116.110 
1870 18 1036.388 1063.888 
2380 20 1023.055 1051.388 
1690 19 999.443 1023.055 
1805 20 999.443 1023.055 
2765 20 1023.055 1073.332 
2515 20 1023.055 1051.388 
2040 19 1036.388 1125.277 
1425 17 1036.388 1116.110 
975 17 1023.055 1023.055 
630 11 1023.055 1036.388 
2070 19 1023.055 1051.388 
2025 20 1009.166 1051.388 
410 11 
535 11 
890 18 
1710 20 . 
2220 18 999.443 999!443 
2600 17 991.388 999.443 
2045 20 999.443 1009.166 
2435 20 1009.166 1009.166 
1300 15 1009.166 1023.055 
1570 18 999.443 999.443 
1280 16 1023.055 1091.666 
1995 19 1051.388 1116.110 
1145 15 1063.888 1104.721 
1840 17 1063.888 1116,110 
1590 18 1036.388 1091.666 
1755 19 1036.388 1063.888 
1805 17 1009.166 1036.388 
2190 20 999.443 1009.166 
1660 17 1009.166 1082.499 
1725 19 1009.166 1073.332 
1855 19 999.443 1023.055 
2365 20 991.388 1009.166 
1865 18 1073.332 1145.832 
2175 20 1036.388 1063.888 
955 13 991.388 999.443 
1635 17 
1385 16 1009.166 10911666 
1790 16 1036.388 1091.666 
590 10 1051.388 1091.666 
1205 14 1063.888 1116.110 
1705 17 1036.388 1051.388 
1685 18 1036.388 1063.888 
1805 19 1009.166 1023.055 
1515 17 981.110 991.388 
w 
o 
19 
19 
20 
19 
19 
18 
20 
20 
20 
19 
20 
19 
19 
20 
19 
19 
15 
20 
19 
20 
20 
19 
20 
20 
18 
20 
20 
20 
19 
20 
20 
20 
19 
20 
20 
19 
20 
19 
20 
20 
20 
20 
19 
18 
19 
19 
18 
20 
20 
20 
B52/H017 F3 « 079 75 1 3 0.090 0.048 2.844 212 
75 2 3 1.050 1.396 6.627 221 
B52/Ho17 F3 080 76 1 3 0.893 0.863 5.131 191 
76 2 3 3.725 5.530 7.721 225 
B52/H017 F3 « 081 77 1 3 0.179 0.496 20.932 215 
77 2 3 3.775 4.267 6.645 230 
B52/H017 F3 # 082 78 1 3 0.090 0.055 3.895 194 
78 2 3 0.950 1.062 5.999 187 
B52/H017 f3 # 083 79 1 3 0.000 0.000 112.334] 189 
79 2 3 0.300 0.557 13.388 214 
B52/Ho17 F3 084 80 1 3 0.518 0.208 2.685 204 
80 2 3 1.959 1.533 4.441 223 
B52/H017 F3 U 086 81 1 3 0.715 0.670 7.585 212 
B52/H017 
81 2 3 2.725 3.954 9.039 228 
F3 n 087 82 1 3 3.322 2.772 4.728 218 
B52/Ho17 
82 2 3.175 4.593 7.928 222 
F3 u 088 83 1 3 0.411 0.404 5.456 183 
83 2 1.325 1.220 5.107 214 
B52/H017 F3 « 089 84 1 3 0.161 0.105 4.025 216 
Check #1 
84 2 0.600 0.447 4.985 211 
- 852 85 1 4 1.322 2.552 11.087 204 
85 2 4 2.050 5.664 12.789 204 
Check #2 - Hoi 7 86 1 4 0.268 0.375 4.666 200 
86 2 4 2.000 1.806 4.289 219 
B52/H017 F3 n 090 88 1 4 3.250 4.915 10.488 220 
88 2 4 4.950 5.873 5.851 213 
B52/H017 F3 a 091 89 1 4 0.965 1.417 9.070 202 
89 2 4 2.600 2.778 5.482 221 
B52/Ho17 F3 # 092 90 1 4 0.250 0.633 13.443 221 
90 2 4 1.700 2.586 9.978 215 
B52/Mo17 F3 « 093 91 1 4 6.364 10.669 7.085 230 
B52/H017 
91 2 4 (6.901) (11.758) (6.423) 220 
F3 n 095 92 1 4 3.125 2.652 4.363 222 
92 2 4 1.842 2.029 6.745 239 
B52/H017 F3 # 096 93 1 4 0.965 1.149 10.388 216 
93 2 4 3.025 3.362 6.214 204 
B52/Ho17 F3 « 097 94 1 4 0.465 0.325 3.995 219 
94 2 4 1.200 1.574 6.418 241 
B52/H017 F3 n 098 95 1 4 0.840 1.282 13.264 231 
95 2 4 0.892 1.678 12.803 218 
B52/H017 F3 n 099 96 1 4 0.840 1.957 14.831 232 
96 2 4 1.000 1.329 5.706 242 
B52/Ho17 F3 n 100 97 1 4 1.054 1.592 12.442 230 
97 2 4 1.450 2.147 7.707 245 
B52/H017 F3 # 101 98 1 4 4.584 4.146 5.608 209 
98 2 4 3.217 3.430 6.216 247 
B52/H017 F3 n 102 99 1 4 1.375 2.311 7.508 225 
99 2 4 1.400 2.220 6.108 220 
B52/H017 F3 n 103 100 1 4 0.286 0.715 13.467 192 
100 2 4 0.975 2.504 11.620 218 
1630 18 1051.388 1104.721 
2430 20 1036.388 1091.666 
945 12 1063.888 1145.832 
1535 16 1009.166 1051.388 
1405 19 1073.332 1104.721 
1865 17 1063.888 1104.721 
1420 16 1009.166 1036.388 
1750 18 999.443 1036.388 
1415 18 1051.388 1116.110 
2060 20 1036.388 1091.666 
2165 21 999.443 1023.055 
2010 20 999.443 1023.055 
810 13 1023.055 1104.721 
1040 14 1023.055 1091.666 
1640 15 1036.388 1051.388 
2170 18 1009.166 1036.388 
815 12 999.443 1051.388 
1685 15 999.443 1073.332 
1725 17 1036.388 1091.666 
1565 15 1009.166 1104.721 
875 13 
795 12 
840 15 , 
1730 19 
1625 17 99I!388 999^443 
2005 19 991.388 991.388 
1610 17 1023.055 1063.888 
1895 19 1023.055 1073.332 
1805 18 1082.499 1157.221 
1495 18 1063.888 1091.666 
1840 17 1073.332 1135.554 
1000 17 1023.055 1104.721 
1150 14 1023.055 1125.277 
1085 15 1023.055 1135.554 
2260 18 999.443 1051.388 
2130 19 999.443 1051.388 
1300 16 1023.055 1091.666 
1765 18 1036.388 1073.332 
2930 19 1023.055 1051.388 
2520 19 1036.388 1073.332 
2135 19 999.443 1051.388 
1875 16 1023.055 1073.332 
1990 17 1063.888 1116.110 
1580 15 1051.388 1125.277 
1680 16 1091.666 1135.554 
2215 18 1063.868 1116.110 
2680 20 1023.055 1051.388 
1960 17 1009.166 1036.388 
900 11 1023.055 , 1125.277 
1320 16 999.443 1125.277 
to 
20 
20 
20 
20 
19 
19 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
18 
14 
20 
18 
19 
20 
19 
20 
20 
18 
20 
20 
18 
19 
20 
18 
20 
20 
20 
20 
20 
20 
19 
18 
17 
20 
20 
18 
19 
20 
B52/H017 F3 # 104 101 1 4 0.768 1.918 15.921 233 
101 2 4 1.225 2.146 10.704 233 
B52/H017 F3 « 105 102 1 4 2.786 2.580 6.032 213 
102 2 4 6.150 7.824 6.317 224 
B52/H017 F3 it 106 103 1 4 0.465 1.178 19.253 199 
103 2 4 1.275 2.786 14.608 203 
B52/H017 F3 n 107 104 1 4 1.953 2.380 8.405 218 
104 2 4 1.050 2.512 13.827 224 
B52/H017 F3 n 108 105 1 4 1.060 0.728 3.280 197 
105 2 4 1.375 2.276 8.281 203 
B52/M017 F3 n 109 106 1 4 3.834 5.452 8.578 213 
106 2 4 5.459 7.072 6.862 215 
B52/H017 F3 u 110 107 1 4 0.911 0.667 4.758 226 
107 2 4 0.650 1.038 7.856 214 
B52/Ho17 F3 u 111 108 1 4 0.572 0.583 5.139 247 
108 2 4 1.300 1.853 7.742 237 
B52/Ho17 F3 « 112 109 1 4 0.358 0.704 11.790 218 
109 2 4 1.425 3.187 15.175 219 
B52/H017 F3 u 113 110 1 4 0.548 0.628 6.849 216 
110 2 4 0.325 0.554 6.813 208 
B52/H017 F3 n 114 111 1 4 3.304 3.150 5.712 198 
111 2 4 3.134 5.513 7.971 219 
B52/Ho17 F3 # 115 112 1 4 4.018 4.536 6.774 229 
112 2 4 2.475 3.127 5.837 217 
Check m 
- 852 113 1 5 2.209 5.126 13.584 210 
113 2 2.725 6.982 13.157 212 
Check #2 - Ho17 114 1 0.661 0.478 3.459 216 
114 2 5 2.134 1.877 3.975 203 
B52/Ho17 F3 « 116 116 1 5 2.179 2.720 6.746 204 
116 2 5 3.825 4.907 6.927 220 
B52/M017 F3 n 117 117 1 5 0.608 0.665 5.630 228 
117 2 5 2.450 3.903 7.004 204 
B52/H017 F3 # 118 118 1 5 0.197 0.420 12.387 202 
118 2 5 0.625 1.291 12.396 220 B52/M017 F3 « 119 119 1 5 0.125 0.228 12.430 231 
B52/H017 119 2 5 0.900 1.051 6.952 238 F3 # 120 120 1 5 4.000 7.159 10.609 217 
120 2 5 5.009 7.920 8.724 239 
B52/H017 F3 121 121 1 5 0.465 0.627 6.005 187 
121 2 5 1.892 2.760 7.324 199 
B52/H017 F3 # 122 122 1 5 2.911 3.657 7.770 224 
122 2 5 3.759 4.442 6.469 219 
B52/H017 F3 n 123 123 1 5 3.000 4.582 8,996 231 
123 2 5 2.792 4.788 9.128 220 
B52/H017 F3 n 124 124 1 5 0.447 0.556 8.218 230 
B52/Ho17 
124 2 5 1.650 2.526 7.404 223 
F3 « 125 125 1 5 0.179 0.798 31.024 219 
B52/Ho17 
125 2 5 0.550 0.856 13.644 202 
F3 ft 126 126 1 5 1.286 1.022 4.398 206 
126 2 5 0.800 0.937 5.846 192 
1595 17 1116.110 1203.610 
1845 19 1104.721 
1015 11 1009.166 1023.055 
1250 13 1036.388 1091.666 
1980 17 1051.388 1091.666 
1920 20 1023.055 1125.277 
2025 19 1082.499 1145.832 
2435 22 1063.888 1116.110 
2085 18 1009.166 1009.166 
2090 18 1036.388 1036.388 
2230 18 991.388 999.443 
1830 16 981.110 999.443 
1555 16 1051.388 1104.721 
1495 13 1036.388 1091.666 
1535 15 1036.388 1091.666 
1560 17 1023.055 1051.388 
1255 14 1023.055 1091.666 
1535 13 1036.388 1063.888 
2490 20 1051.388 1063.888 
2510 21 1051.388 1104.721 
2045 20 1063.888 1091.666 
2020 20 1023.055 1063.888 
1285 19 1036.388 1073.332 
1490 18 1023.055 1051.388 
1060 18 . 
815 15 
1495 18 
1225 17 
1910 19 1023.055 1082.499 
1745 20 1023.055 1063.888 
2015 19 1073.332 1091.666 
1560 22 1051.388 1073.332 
1785 18 1036.388 1036.388 
1460 17 1023.055 1051.388 
2320 22 1023.055 1036.388 
2495 23 1036.388 1051.388 
390 8 1104.721 1145.832 
485 6 1063.888 1190.554 
1275 16 999.443 1023.055 
1665 20 999.443 1023.055 
1250 16 1063.888 1145.832 
910 14 1063.888 1125.277 
1640 15 1063.888 1116.110 
1995 19 1023.055 1082.499 
2225 19 1009.166 1036.388 
2070 20 981.110 999.443 
1830 17 1051.388 1135.554 
1640 20 1051.388 1091.666 
1610 20 1009.166 1063.888 
1840 21 1009.166 1063.888 
w 
to 
19 
20 
20 
20 
19 
20 
19 
20 
19 
17 
19 
17 
20 
20 
18 
20 
20 
20 
21 
20 
20 
19 
20 
19 
19 
17 
20 
20 
19 
20 
20 
20 
20 
19 
20 
20 
18 
20 
20 
20 
20 
20 
20 
20 
19 
20 
20 
20 
20 
20 
B52/H017 F3 127 127 1 5 0.197 0,931 27.058 240 
127 2 5 0.600 0.536 4.712 208 
B52/Ho17 F3 U 128 128 1 5 0.125 0.099 4.079 200 
128 2 5 2.325 2.408 4.795 189 
B52/H017 F3 n 129 129 1 5 1.500 1.567 6.221 217 
129 2 5 4.000 7.777 10.363 255 
B52/H017 F3 « 130 130 1 5 1.858 2.681 8.116 221 
130 2 5 2.025 2.565 7.669 205 
B52/H017 F3 « 131 131 1 5 0.661 1.073 9.125 222 
131 2 5 0.784 1.161 7.918 225 
B52/H017 F3 a 132 132 1 5 0.947 1.064 8.183 230 
132 2 5 2.700 3.277 6.673 233 
B52/M017 F3 H 133 133 1 5 1.179 1.266 9.358 232 
133 2 5 3.034 4.571 8.285 225 
B52/H017 F3 « 134 134 1 5 3.066 2.677 5.198 218 
134 2 5 2.475 3.345 7.349 188 
B52/H017 F3 u 136 135 1 5 1.197 1.913 8.967 202 
135 2 5 3.050 5.922 9.580 237 
B52/Ho17 F3 H 137 136 1 5 3.381 4.493 8.199 217 
136 2 5 2.734 4.598 7.981 193 
B52/H017 F3 H 140 137 1 5 1.239 2.387 9.865 223 
137 2 5 1.900 2.454 5.849 211 
B52/H017 F3 n 141 138 1 5 2.012 3.076 8.203 240 
138 2 5 2.500 4.777 8.259 248 
B52/H017 F3 # 142 139 1 5 0.447 0.787 10.777 198 
139 2 5 0.750 0.550 4.813 212 
B52/H017 F3 n 143 140 1 5 1.292 1.835 9.607 234 
140 2 5 1.492 2.341 7.804 216 
Check #1 - B52 141 1 6 3.084 3.711 5.827 177 
141 2 6 1.625 4.513 13.621 200 
Check HZ - Ho17 142 1 6 0.233 0.087 1.780 197 
142 2 6 1.950 1.637 3.900 205 
B52/H017 F3 144 144 1 6 0.358 0.503 8.562 236 
144 2 6 1.225 1.562 14.255 252 
B52/Ho17 F3 « 145 145 1 6 0.197 0.093 2.132 205 
145 2 6 0.550 1.629 12.143 221 
B52/H017 F3 u 146 146 1 6 0.286 0.235 4.126 206 
146 2 6 2.350 3.664 6.288 211 
B52/Ho17 F3 n 147 147 1 6 1.233 1.428 5.639 219 
147 2 6 1.575 3.475 11.229 220 
B52/H017 F3 n 148 148 1 6 0.500 1.573 15.242 221 
148 2 6 1.050 1.042 5.593 229 
B52/Ho17 F3 n 149 149 1 6 3.286 2.407 4.265 214 
149 2 6 2.775 5.300 9.523 257 
B52/H017 F3 « 150 150 1 6 0.393 0.542 7.437 189 
150 2 6 0.775 1.589 13.356 239 
B52/H017 F3 # 151 151 1 6 1.250 0.727 3.272 218 
151 2 6 2.200 2.213 5.390 229 
B52/H017 F3 152 152 1 6 0.197 0.098 2.424 203 
152 2 6 2.700 3.125 5.708 218 
1880 14 1104.721 
1140 15 1063.888 
1925 19 981.110 981.11 
1890 20 981.110 999.443 
1670 20 1036.388 1073.332 
2045 20 1036.388 1082.499 
2105 17 1063.888 1073.332 
1930 19 1063.888 1063.888 
1550 14 1023.055 1145.832 
1465 16 1036.388 1203.610 
2605 18 1051.388 1091.666 
2745 18 , 1036.388 1061.888 
2015 18 1063.888 1116.110 
1855 17 1036.388 1125.277 
1685 18 1009.166 1063.888 
1320 16 1009.166 1063.888 
2090 19 1023.055 1091.666 
2070 20 1036.388 1082.499 
2195 19 1023.055 1065.888 
1475 18 1023.055 1073.332 
1575 17 1073.332 1145.832 
1350 16 1036.388 1091.666 
1965 16 1009.166 1051.388 
1960 18 1023.055 1051.388 
975 16 1023.055 1073.332 
1875 16 1036.388 114!.832 
1335 13 1063.888 1104.721 
1650 18 1051.388 1063.888 
300 12 
770 12 
1215 12 
1495 19 . 
1835 19 1063.888 1125^277 
2095 20 1063.888 1135.554 
1310 19 1051.388 1104.721 
1380 14 1051.388 1145.832 
2205 20 1023.055 1063.888 
2550 20 999.443 999.443 
1730 16 1023.055 1051.388 
1980 18 1023.055 1073.332 
2060 18 1036.388 1135.554 
2140 17 1023.055 1104.721 
350 8 1091.666 1179.721 
915 17 1082.499 1135.554 
1890 16 1023.055 1063.888 
2320 19 1023.055 1063.888 
1690 16 1036.388 1116.110 
1810 16 1023.055 1091.666 
1820 19 1009.166 1023.055 
1740 18 1023.055 1063.888 
M 
W 
W 
20 
18 
19 
20 
20 
20 
19 
19 
19 
20 
20 
20 
20 
20 
20 
19 
19 
19 
19 
20 
20 
20 
20 
19 
20 
17 
20 
19 
13 
17 
20 
19 
19 
19 
18 
20 
20 
19 
20 
20 
20 
20 
19 
20 
20 
20 
20 
19 
20 
20 
B52/M017 F3 # 153 153 1 6 1.036 0.848 3.983 214 2030 19 1063.888 1135.554 20 
153 2 6 4.350 5.871 7.851 229 1670 17 1063.888 1091.666 19 
852/Hol7 F3 # 154 154 1 6 1.304 1.866 7.365 209 1570 17 1036.388 1063.888 20 
154 2 6 1.550 2.169 6.560 211 1165 16 1051.388 1104.721 20 
B52/Ho17 F3 # 155 155 1 6 1.197 1.523 5.231 225 2255 19 1023.055 1036.388 19 
155 2 6 5.025 10.000 8.374 250 2540 20 1023.055 1063.888 20 
B52/Ho17 F3 U 156 156 1 6 0.661 1.405 13.273 236 1540 19 1104.721 1135.554 20 
156 2 6 2.600 5.135 10.326 245 2090 18 1063.888 1135.554 20 
B52/Ho17 F3 it 157 157 1 6 0.572 0.784 7.897 216 2150 20 1023.055 1023.055 20 
157 2 6 1.525 2.098 8.752 230 2245 21 1023.055 1063.888 20 
B52/Ho17 F3 « 158 158 1 6 2.983 1.854 3.583 203 1720 16 1023.055 1063.888 20 
158 2 6 2.500 2.917 5.930 212 1850 19 1023.055 1091.666 20 
B52/Ho17 F3 # 159 159 1 6 0.090 0.036 2.609 199 1860 19 1036.388 1073.332 20 
159 2 6 1.675 2.716 7.729 226 1850 19 1023.055 1082.499 19 
B52/Ho17 F3 # 160 160 1 6 2.893 2.605 3.953 210 1565 16 999.443 1023.055 20 
160 2 6 3.300 5.069 7.945 236 1755 15 999.443 999.443 20 
B52/Ho17 F3 # 161 161 1 6 0.911 0.694 5.886 215 1905 17 1063.888 1091.666 20 
161 2 6 3.800 6.185 10.489 227 2610 19 1063.888 1104.721 20 
B52/H017 F3 « 162 162 1 6 0.875 1.432 8.827 227 1355 14 1073.332 1145.832 19 
162 2 6 0.550 1.258 18.236 233 1655 15 1063.888 1145.832 20 
B52/Ho17 F3 # 163 163 1 6 0.643 0.539 8.117 222 1715 19 1051.388 1157.221 20 
163 2 6 1.325 2.035 13.985 233 1635 16 1023.055 1091.666 20 
B52/M017 F3 # 164 164 1 6 1.346 1.241 5.167 213 1790 18 1009.166 1051.388 18 
164 2 6 3.950 8.051 9.286 218 1690 19 1009.166 1036.388 20 
B52/Mo17 F3 # 165 165 1 6 0.286 0.920 16.545 220 455 12 1091.666 1233.332 20 
165 2 6 0.225 0.415 12.282 228 635 13 1091.666 1226.943 20 
B52/H017 F3 # 166 166 1 6 3.518 3.267 6.192 239 1840 15 1063.888 1145.832 18 
166 2 6 3.300 4.304 6.691 221 1500 17 1073.332 1168.610 20 
B52/H017 F3 U 168 167 1 6 2.893 3.243 7.552 184 855 13 1157.221 1135.554 20 
167 2 6 2.925 6.566 10.870 215 1660 16 1036.388 1135.554 20 
B52/Ho17 F3 # 169 168 1 6 0.161 0.296 11.322 214 1230 16 1023.055 1073.332 20 
168 2 6 0.150 0.164 5.547 221 1425 17 1036.388 1091.666 20 
'Trait means (raw data) for second assessment only (day 117). 
'• Number after # refers to the f, plant from which the Fjj lines were derived. 
represents missing values. 
( ) Average based on visual estimate for plots where individual lesions were not easily discernable. (Two plots affected), 
t ] SAS predicted value for size of lesions. One plot did not have any lesions, using a figure of zero for lesion size would 
have spuriously lowered the average lesion size for that entry when averaging over replications. (One plot affected). 
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Table A7. Analysis of variance of average number of lesions 
per leaf* for 150 Fj.j lines and inbred checks 
Source DF Mean Squares Mean + S.E. 
Reps 
Sets 
Sets*Reps 
1 
5 
5 
Entries(sets) 156 
Fg.] lines 
Mol7" 
B52++ 
Contrasts; 
B52 vs Mol7 
B52 vs Fj.j's 
Mo 17 vs F, 
88.863 
6.480* 
5.765* 
2.680* 
144 
5 
2:3 
6 
6 
6 
2.813 
0.078 
0.681 
1.238 
1.276 
0.890 
1. 645 + 0. 095 
1. 081 + 0. 065 
2. 090 + 0. 209 
*,** indicate significance at 0.05 and 0.01 levels 
respectively. 
*Trait data for second assessment only (day 117). 
*SE of Eg.3 lines calculated using MSE for entries (sets) . 
^Entries were nested within sets. Only the two inbred checks 
were represented in all 12 sets. Based on the inbred checks, 
trait values for the 12 sets were not significantly different 
(P < 0.05). 
LSDq 05 based on FJ.j lines and checks = 0.141 . 
LSDQ OS based on Fj.j lines only = 0.148 . 
136 
Table A8. Analysis of variance of average percent leaf tissue 
diseased* (severity) for 150 Fj.j lines and inbred 
checks 
Source DF Mean Squares Mean + S.E. 
Reps 
Sets 
Sets*Reps 
1 
5 
5 
Entries(sets) 156 
Fj.j lines 
MolT* 
B52* 
260.045 
14.727 
20.151 
6.649 
144 
5 
Contrasts ; 
B52 vs Mol7 
B52 vs Fj.j's 
Mol7 vs Fj.j's 
6 
6 
6 
6.600 
0.029 
2.051 
12.282* 
10.175* 
3.894 
2.329 ± 0.149* 
0.985 ± 0.026 
4.381 + 0.544 
*,** indicate significance at 0.05 and 0.01 levels 
respectively. 
*Trait data for second assessment only (day 117). 
•^^Entries were nested within sets. Only the two inbred checks 
were represented in all 12 sets. Based on the inbred checks, 
trait values for the 12 sets were not significantly different 
(P < 0.05). 
*SE of Fj.j lines calculated using MSB for entries (sets) . 
LSDq gg based on Fj.j lines and checks = 0.237 . 
LSDq Q5 based on Fj.j lines only = 0.251 . 
137 
Table A9. Analysis of variance of average size of lesions* 
(cm^) for 150 F2.3 lines and inbred checks 
Source DF Mean Squares Mean + S.E. 
Reps 
Sets 
Sets*Reps 
1 
5 
5 
Entries(sets) 156 
Fj.j lines 
Mol7' 
B52' 
Contrasts; 
B52 vs Mol7 
B52 vs F 2:3 
Mol7 vs F 
12.216 
20.019 
49.380" 
19.382** 
144 18.817* 
2:3 
5 
5 
6 
6 
6 
0.977 
4.448 
47.921* 
14.552 
36.094* 
8.338 ± 0.254' 
4.073 ± 0.264 
10.829 + 0.736 
*,** indicate significance at 0.05 and 0.01 levels 
respectively. 
*Trait data for second assessment only (day 117). 
"^Entries were nested within sets. Only the two inbred checks 
were represented in all 12 sets. Based on the inbred checks, 
trait values for the 12 sets were not significantly different 
(P < 0.05) . 
^SE of F2.3 lines calculated using MSE for entries (sets) . 
LSDq_o5 based on Fg.; lines and checks = 0.534 . 
LSDq 05 based on Fj.j lines only = 0.573 . 
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Table AlO. Comparisons of Shapiro-Wilk (W) test of normality, coefficient 
of skewness and coefficient of kurtosis between first and 
second disease assessments with and without log,o 
transformations 
F2.3 means only, no transformation 
Trait First assessment Second assessment 
Coef. of Coef. of Coef. of Coef. of 
W Skewness kurtosis W Skewness Kurtosis 
Number 0.76 2.44 7.56 0.88 1.38 2.34 
** ## ## ** ## ## 
Severity 0.75 2.64 9.45 0.84 1.82 4.77 
** ## ** ## ## 
Size 0.98 0.13 0.06 0.92 1.28 2.66 
*« ## ## 
' Iiog^o transformation of F;., means 
Trait First assessment Second assessment 
W 
Coef. of 
Skewness 
Coef. of 
kurtosis W 
Coef. of 
Skewness 
Coef. of 
Kurtosis 
Number 0.77 
* * 
-2.43 
## 
8.33 
## 
0.97 -0.27 
# 
-0.43 
Severity 0.78 
* * 
-2.28 
## 
6.78 
## 
0.97 -0.28 
# 
-0.26 
Size 0.38 
* * 
-4. 75 22.42 
## 
0.99 0.17 -0.03 
* and ** represent Prob<W at 0.05 and 0-01 levels respectively. 
# and ## represent significance at 0.01 and 0.02 levels respectively. 
Note: 0.0001 was added to all trait values prior to log,g 
transformation to eliminate zeros. Since the first assessment 
data (day 89) was not normally distributed and did not respond 
adequately to transformation this was not used for quantitative 
trait mapping. Only transformed second assessment data (day 
117) was used. 
Table All. Location and effects of QTL affecting host-plant response to 
Exserohilum turcicum in Fg.j lines of a B52/Mol7 population 
Average number of lesions per leaf (number) 
Interval Chr. Variation LOD* Gene effects Contrib. , d/a* Gene 
explained flAk fJLAB' mbb parent action* 
UMC157 - UMC67 IS 6.8% 2.31 1.69 1.06 1.19 B52 1.63 O.Dom 
UMC16 - NPI457 3L 13.2% 4.60 0.82 
(0.80) 
1.32 1.81 Mol7 
(3 .26) (O.Dom) 
0.20 Add 
BNL6.2 5 - UMC90 5S 11.8% 3.85 1.01 
(1.43) 
1.15 2.12 Mol7 
(0.39)(P.Dom) 
-0.65 P.Dom 
Multiple QTL model 29.5% 11.10 
(0.90) (-1.30) (O.Dom) 
Average percent leaf tissue diseased (severity) 
Interval Chr. Variation LOD* Gene effects Contrib . d/a* Gene 
explained MAA mab" mbb parent action* 
UMC157 - UMC67 IS 8.0% 2.71 2.42 1.43 1.67 B52 1.88 O.Dom 
UMC16 - NPI457 3L 9.4% 3.22 1.27 
(1.01) 
1.70 2.60 Mol7 
(3.75)(O.Dom) 
-0.18 Add 
UMC90 - UMC166 5S 13.4% 4.14 1.31 
(1.59) 
1.60 3.06 Mol7 
(-0.36)(P.Dom) 
-0.53 P.Dom 
BNL15.21 - UMCllO 7L 13.2% 3 . 84 1. 08 
(1.29) 
1.69 2.70 Mol7 
(-1.05) (Dom) 
-0.03 Add 
BNL9.08 - BNL7.08A 8L 7.5% 2 . 32 1.31 
(1.67) 
1.67 2.41 M017 
(-0.06)(Add) 
-0.20 Add 
Multiple QTL model 44.6% 17.30 
(1.57) (-0.41)(P.Dom) 
Average size of lesions in cm^ (size) 
Interval Chr. Variation LOD* Gene effects Contrib. d/a* Gene 
explained fiAA /jAB* /ÏBB parent action* 
BNL5.71 - UMC51 5L 18.1% 4.32 6.71 7.55 10.28 Mol7 -0.45 P.Dom 
(6.86) (-0.90)(Dom) 
UMC116 - BNL15.21 7L 12.3% 3.70 6.11 8.37 8.23 Mol7 1.11 Reces 
(9.87) (2.21)(O.Dom) 
Multiple QTL model 28.9% 7.98 
*LOD threshold 2.31 . 
*Dominance deviations were calculated in Fj.j lines. These will be one-half of that 
exhibited in Fg plants. This will bias calculations of juAB, d/a ratios and subsequent 
interpretations regarding the type of gene action. Consequently the results are 
presented here as calculated in lines and alternatively using doubled dominance 
deviations for inference to the Fg plants (figures in italics). 
Interval: Probe interval in which LOD threshold exceeded, neighboring peaks not 
separated by a log-likelihood drop of 1.0 where considered local maxima of the same 
peak. Chr: Linkage group which includes the QTL interval. Short (S) or long (L) arm 
designations are approximate only as centromere probes were not included. Variation 
explained: Percent phenotypic variation for a trait explained by an individual QTL. 
Gene effects: Putative gene effects for each QTL where /xAA represents the QTL trait 
value for all individuals homozygous Mol7. /xBB, the QTL trait value for all individuals 
homozygous B52, and fxAB the QTL trait value for all heterozygous individuals. For 
details of computations see "Materials and methods" paper 2. Contrib. parent: Parental 
inbred responsible for a reduction in trait values at a QTL. Gene action: Determined 
from the ratio of dominance to additive effects (d/a); O.Dom, over dominance; Dom, 
dominance; P.Dom, partial dominance; Add, additive and Reces, recessive gene action 
respectively, see "Materials and methods" paper 2 for guidelines adopted. Multiple QTL 
model: total percent variation explained and LOD score calculated for each trait in a 
model that included all individual QTL. 
1 C2 
-- BNLS.G2 
-- BNL12.06 
NPI234 
UMC11 
UMCI57 
UMC67 
NPM429 
UMC5B 
8NL7.08B 
UMC33 
UMC23 
UMCt2B 
-- BNL15.18 
BNLB.gg 
-- UMC78 
NPI287A 
UMC8I 
UMC34 
-- UMCI3I 
ISU4 
ACP2 
NPI565 
UMC5 
UMC9B 
UMC88 
BNL6.20 
C3 C4 C5 
-- UMCI2I 
UMC50 
UMC175 
UMC26 
BNL5.37 
UMC165 
UMC60 
8NL15.20 
BNL1.297 
ISUI 
UMCte 
NPI457 
-- UMC123 
UMC3I 
BNL5.46 
BNL15.27 
NPI292 
BNL7.65 
UMCI5B 
PloSÔ^ 25 
NPI20Î 
BNL15.07 
I =: 
BNL8.33 
BNL6.2S 
UMC90 
UMCI66 
BNL5.02 
JC162 
BNL7.43 BNLI0.06 
BNL7.7I 
• -- BNL5.71 
UMC5I 
UMC68 
UMCI04 
PHI10.17 
25 cM 
1489 cM to ta l  
112 probes 
13 cM between probes 
C6 C7 C8 C9 C I O  
UMC85 
- - P L !  
UMC21 
BNL3.03 
NPI5B0 
-- ISU5 
NPI280 
-- UMC62 
BNL15.40 
UMCtie 
BNLI5.2t 
UMCtIO 
BNL13.24 
BNL8.37 
BNL14.07 
BNL8.39 
DEKSie 
UMC80 
BNLI6.06 
M. -- NPI220 
-- UMC103 
BNL9.44 
BNL9.0B 
BNL7.08A 
BNL8.26 
UMC89 
NPI268 
UMC70 
PI010.5 
CI 
BNL3.06 
UMC20 
UMC8t 
UMCt53 
UMCII4 
BNL8.17 
BNLI4.28 
8NLI0.I7 
PI020.0075 
UMC64 
NPI303U 
PI010.33 
PI010.16 
NPI232 
NPI287B tvj 
Figure Al. Linkage map for Mol7/B52 population created using 169 random Fj.j 
lines and 112 probes. Probes with significant distortion from 1:2:1 
goodness of fit ratio are marked with *, ** and *** indicating 
probability levels of 0.05, 0.01 and 0.001 respectively 
Figure A2. Frequency distributions for 
log^Q transformations of 
disease traits (second 
assessment, day 117) for 150 
Fg.g lines of a Mol7/B52 
population. W is the Shapiro-
Wilk test of normality. * and 
** represent Prob<W at 0.05 and 
0.01 levels respectively. (All 
non-significant). 
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Figure A3. Frequency distributions, prior 
to log^ip transformation, for 
disease traits (second 
assessment, day 117) for 150 
Fj.j lines of a Mol7/B52 
population. W is the Shapiro-
Wilk test of normality. * and 
** represent Prob<W at 0.05 and 
0.01 levels respectively 
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Figure A4. Linkage map and log-likelihood plots of chromosomes 6, 9, 10 for 
average number of lesions per leaf (number), average percent leaf 
tissue diseased (severity) and average size of lesions in cm^ 
(size). Vertical lines represent LOD scores of 0, 2 and 4 
respectively. (LOD of 2.31 used as threshold for declaration of a 
QTL). SFAOV results; *, ** and *** indicate significance at 0.05, 
0.01 and 0.001 levels respectively. All other chromosome are 
discussed in papers I and II 
NUMBER % SEVERITY SIZE 
UMC85 
PURPLE PI 
UMC21 
BNL3.03 
NPI560 
ISU5 
NPI280 
UMC62 / 
4^ 
00 
a) Chromosome 6: log-likelihood plots 
25 cM 
NUMBER 
UMC70 
PI010.5 
Cl 
BNL3.06 
UMC20 
UMC81 
UMC153 
UMC114 
0NL8.17 
BNL14.28 
Figure A4, (continued) 
% SEVERITY SIZE 
— 
1 
— 
/ 
m
 
1 
= 
/ 
b) Chromosome 9; log-likelihood plots 
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Figure A4. (continued) 
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